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Beryn

JIns KiTbKICHOTO BUMIPIOBAHHS Ta Y JCSKUX BHUMAJAKaX SKICHOTO OLIiHFO-
BaHHS (DI3WYHUX BEJIMYMH BHKOPHCTOBYIOTh BUMIPIOBAJIBHI NIPHIIATH Ta
iHauKatopu. BoHu crnpuiiMaloTe BHMIpIOBaHYy BEIMYHHY i TIEPETBOPIO-
FOTb 1i 10 BUTIIAAY, 3pYYHOIO I €KCIIEPUMEHTATOPA YU ISl ITOJAJIBIIIO-
ro ompamoBaHHsA. OHAK JaeKo HE 3aKAW OYEBHIHOIO € SIKICTh BHMi-
proBaHHA (i3n4HOI BeIMYMHU. Pe3ynbraTH yCiX BUMIpIOBaHb, X04Y SIK
CKPYIYJIbO3HO BOHU O HE BUKOHYBAIUChH, 3aBXKIU OTPUMYIOTh 3 JESIKOIO
MOXHOKOTO.

Bukonyroun po0OTH 1a00paTOPHOTO MPAKTHKYMY CTYAEHTH BHBYA-
I0Th TIPWJIATU, MPOBOJATH, BUMIPIOBAHHSA Ta aHAII3YIOTh OTPHUMaHI pe-
3yJIBTaTH 32 JIOTTOMOTO0 (PI3MYHHUX 3aKOHIB, OIHIOIOTH iXHIO JTOCTOBIp-
HICTh, BHKOPHUCTOBYIOYH METOJM MAaTE€MaTHYHOI CTATHCTHUKH Ta Teopil
HMOBiIpHOCTEH.

MeTonuuHi MaTepiany MICTSATh OCHOBH TeOpil HOXHOOK Ta ONHUC HU3-
KM MpaBuJj 1 IPUKIAIIB iXHIX 00unciIeHb. BoHH OyyTh KOPUCHUMU JIS
OTIaHyBAaHHS METOAWKH OLIHKA MOXHOOK BHMIPIOBaHHS (hi3MUHHX BEIH-
YHMH Ta CAMOCTIHHOT poOOTH CTYy/IEHTIB.

1. ®@izuyHa BeJMYMHA TA 32c00H Il BUMipIOBAHHA

Dizuyna eeruyunHa — ¢ BIIACTHBICTh, SKICHO CIILIBHA a1 0aratbox
00’exTiB ab0 TpolieciB, a KiJbKICHO — IHIWBiAyallbHa ISl KOXHOTO
00’exty abo mporecy. ToOTO I BeIWYMHA Ma€ JIBa acleKTH — KUIbKic-
HMH Ta SKICHHIA.

SkicHa o3Haka (i3MYHOT BETMYUHU BU3HAYAE 11 pid. Di3UUHI BETUYH-
HU 3 OJHAKOBOIO SKICHOIO O3HAKOIO € OJIHOPITHUMU (HAIIPHUKIIAJ, JTIOBXKH-
Ha, BUCOTA, BiJICTaHb, JiaMeTp).

KinbkicHuil BMIiCT ¢i3UuHOI BETUYMHH B IEBHOMY 00’ €KTi € po3MipoM
¢bi3ngHO1 BeMUUMHU. Y 3B’S3KY 3 IIM 3a3HAYMMO, II0 BHUCIIB «BEIHINHA
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JliaMeTpa» € TaBTOJIOTI€0 (BelMunHa BeMMurHHU). CIiJi TOBOPUTU «PO3-
Mip ZiameTrpay.

UucnoBUM 3HAYEHHSM (PI3UYHOI BEIUYMHU HA3MBAIOTh YHCJIO, IO
JIOPIBHIOE BIJHOIIECHHIO BUMIPSIHOTO PO3MIipy (i3HUHOI BETHUHUHU JIO PO3-
Mipy onuHHMI mi€l Gpi3HIHOT BeTHINHY.

3HavyeHHsIM (Di3WYHOI BEJIMYMHU HA3WMBAIOTh BiOOpakeHHA (Hi3W4HOL
BEJIMYMHH y BUTJIAI 11 YUCIIOBOTO 3HAYCHHS 3 3a3HAYCHHSM OJUHUII BU-
MiprOBaHHS. 3HAYCHHS (Bi3UYHOT BETMUYNHU MOXKHA OTPUMATH SIK PE3yiIhb-
TaT 00YMCIICHHS a00 BUMIPIOBAHHS.

Hampuxkian, Macoro BOJIOAIIOTE BCi Pi3ndHi Tija, TOOTO B SKICHO TO-
HATTSA «Maca» € CIUIBHUM JUISl BEJIMYe3HOI KUIBKOCTI Pi3HUX (i3HUHHX
TUI. AJie KOJKHE TiJIO Ma€ iHIUBIyalbHEe KUIbKICHE 3HAYCHHS MacH. Tomy
TOPSIT i3 YHCIOBUM 3HAYECHHSIM BKa3ylOTh NPUHHATI OJWHUIN BHMIipIO-
BaHHs. Hampukmax, omuH crin mMoxke matu Macy 10,25 kr, iHmmid —
25,36 kr TOMIO.

[potec 3HaxomKeHHS (DI3UYHOI BETMINHN HA3UBAIOTh BUMIPIOBAHHSM.
JItoaceKi opraHy 4yTTiB MaJIo MPUCTOCOBAHI IS KiJTbKICHOTO BUMIpIOBAHHS
OUTBIIOCTI (hi3NYHKUX BeMYHH. Tak ppasa «ualt conoakuii» He Hece TOYHOT
iHpopManii Mpo KOHIEHTpAI0 IMyKpy B Yai, a TUTBKH SKICHY OLIHKY —
«Manoy, «barato» i T.4. s TOYHOro BH3HAYEHHS (I3UYHOI BETUUMHU
CJTiJ] BUKOPUCTOBYBATH CIEWialbHi PUIAAA — 3aCO0M BUMipIOBAaHHS.

3acobu sumiprosanns — e TIpUIaIH, AKi CIPUHMAIOTh (i3UYHY Be-
JUYHMHY 1 IEPETBOPIOIOTS i 10 BUTIISAY, IO 3pYyYHUHN AJIs CIIOCTEPEIKCHHS
EKCIEPUMEHTATOPOM ab0 peecTparlii KOMIT I0TepoM. 3apeecTpoBaHe 3Ha-
YeHHs (DiI3MIHOT BEIMYMHN MOXHA 3T0JIOM OTPAIFOBATH.

3aco0u BEUMIpIOBaHHS MOAUISIOTE HA MipU, GUMIPIOBAIbHI NPUIAOU TA
BUMIPIOBANILHI YCINAHOBKU.

Mipu — 1ie puiaan, o BU3HAYAIOTH 3HAYCHHS (Pi3HYHOI BEIIMIMHU
00’€KTy IUIAXOM TOPIBHSHHS BiAMOBITHOTO HOTO TapaMeTpy 3 BUOpaHUM
3pa3koM. HalmommpeHimmm 3aco00M BUMIPIOBAHHS TAKOTO THITY € 3BH-
YaifHa JiHiika. Tak, JOBXHHY BiJpi3Ka Ha marepi 3HaXOIATh, MOPiBHIOKO-
YW HOTO 3 BIIMTOBITHUM BiAPI3KOM Ha JIHIHII.

Bumiprosanvruii npunao peectpye (Gi3udHy BEIUYHHY 1 MEPETBOPIOE
1 y 3py4HU# AJi1 eKCIEPUMEHTATOpA UM YISl OJAJIBIIOTO ONPALIOBAHHS
BUTJIA.
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Yacto moTpiOHO BUMIpIOBaTH oApa3y NBi i Outblne (i3WIHUX BEIH-
YHH, JUIA 90T0 TOTPIOHO CTITBKHM XK BHMIpIOBaJbHMX HpmiaaiB. Toxi BU-
KOPUCTOBYIOTh UMIPIOBANbHI YCIMAHOB8KY — CYKYIHICTh BUMIPIOBAIBHUX
MpUiIaniB, Mo 00’ €IHAHI B OJHOMY KOPITYCi.

BumiproBanbHi Ipriiaan MoXkHa 00’€THATH B TP TPYNHU 332 HACTYITHHU-
MH XapaKTEePUCTUKAMHU.

3a crmocoOoM iHAMKAII{ pe3yIbTaTiB BUMiPIOBAHHS:

a) TMOKa3yIouuil — MpWIaj, MO JOMYyCKAE TIIBKU Bi3yalli3allilo 3HAYCHb
BHMIpIOBaHOI BEITUYHHH;

0) peecTpyroumii — TMpHiIaj, B SKOMY IepefdadeHa peecTparlist 3Ha4eHb
¢iznuHOi BennunHU. Peectpallisi 3HaueHb MOXKe 3/1iHCHIOBATHCS B aHa-
JoroBii a0 g poBii Gopmax.
3a MeTo/I0M BHMipIOBaHHS:

a) mpsAMol mii — mpuian, KWl 371MCHIOE OfHe a00 AeKijbKa IepeTBO-
peHb BUMIPIOBAHOT BEJTMYMHH. 3HAYCHHS 11 3HAXOAATH 0€3 MOPIBHAHHSA
3 BiZIOMOIO OZTHOMMEHHOIO BEIINYHHOIO;

0) MOpiBHSAHHS — TPU3HAYCHUH IJIs O€3MOCepeTHhOTO TOPIBHSIHHS BU-
MIpIOBaHOI BEJTMYNHH 3 BEIIMYMHOIO, 3HAUCHHS SKOi BiZIoMe.
3a opMorO MpenCTaBICHHS BUMIpIB:

a) aHaJOrOBUM — BHXIJHUH CHUTHAJ € Oe3mepepBHOI0 (DYHKIIEI0 BHMi-
PIOBAHOI BEJIUYHHU;

0) undpoBHil — pe3ysNbTaTH BUMIpPiB NpeAcTaBiieHi B IH(PoBiil hopmi.

BuwmiproBaHHS Ha3UBAIOTh npsAMuM, KO 3HAYCHHS (DI3UYHOI BEJU-
YMHU 3HAXOJATh Oe3MOocepeqHbo 3 AOCHIAHUX TaHUX 1 HenpaMuM, SKIIO0
3HaYeHHs (i3MYHOI BEITMYMHU 3HAXOJATH IIUIAIXOM OOpaxyHKIB Ha OCHOBI
JIocHigHuX JaHuX. OYEeBUIHO, IO OILIHUTH MOXUOKY NMPSMOTO BUMIpIO-
BaHHA JIETTIe, Hi’K HEMPSAMOTO.

2. 3HaveHHA (Pi3MYHOI BeJJUYNMHHI

Iemunnum 3nauennam x Gi3UIHOT BeTMUUHA X HA3WBAKOTh Take i 3HAYCHHS,
SKe ieanbHo BifoOpakae MEeBHY BIACTHBICTH 00’€KTa Ta HE 3aJIEXKHUTH Bij
crioco0y BuMiproBaHHsI. le abcomroTHO TouHe 3HAUCHHS (Hi3UIHOT BEITIYHHHU.

Jitichum (YMOBHO iCTUHHHM) 3HauewHAM X (Gi3MuHOI BEeIMYUHUA X
HA3WBAIOTh 3HAl/ICHE eKCIICPUMEHTAIBHUM IIITXOM 3HAYCHHS, HACTLUTEKH

6

ONIM3bKE JI0 ICTUHHOTO, 110 3a JJaHUX YMOB PI3HMIICIO MiXK HUMH MOKHA
3HEXTYBATH.

®Di3uyHi BENUYMHHU MPHUIAHATO MMO3HAYATH MAJUMH T4 BEIUKAMHU OYK-
BaMH TPEIBKOTO Ta JATUHCHKOTO anaBiTiB — m, k, [, L, I. SIkmo koo Oyk-
BH, 110 O3Hauye (Pi3N4Hy BENMUNHY, HEMA€ HisIKUX iHAEKCIB — 1€ ii iCTHH-
He 3Ha4eHHs (X, m, L), SKIIO 3BepXy € IpaMa pucka (X, i, L ) — mificHe.

Bumipsatu Oynp-sKy BenWdMHY aOCONIOTHO TOYHO HEMOXKIHMBO. 3aB-
KT HasiBHA TIOXWOKA. [HTYITHBHO 3p0O3yMijo0, IO MOXHOKa — II€ BiAXH-
JIEHHS BUMIPSHOTO 3HA4eHHS (i3WYHOI BENWYMHH Bia ToyHOro. OjHAK,
OCKLUITBKH MH MAa€MO CIPaBy 3 KUIBKICHUMH XapaKTepUCTHKAMU (Pi3UIHUX
BEJIMYUH, BBEJICMO TaKi K XapaKTePUCTUKH JJIsl IOXUOOK BUMIPIOBAHHS.

Toxubxoro $Hi3MIHOT BeMMUMHU X HA3UBAIOTh PI3HUINIO MIXK 1i iCTHH-
HUM X Ta IIACHUM X 3HAYCHHSIML.

3a3Buuait guxopucmosyioms abcomommuy noxu6bxy GHi3UIHOI BETUINHU
Ax. Lle pi3HHUIIA 32 MOAYJIEM MiX ii iCTHHHNM Ta IiHCHUM 3HaYeHHIMU!

Ax =|x—x|. 2.1)

AbcomoTHa noxubka Ax (GizHuHOT BETMYNHH MTOKa3ye, HACKIIBKH ICTHH-
HE 3Ha4YCHHS X ()i3UYHOI BEIMYMHHU BiPI3HAETHCS BiJ JIHCHOTO X . Po3mip-
HICTh a0COIIFOTHOI TOXMOKH BiMOBIA€ PO3MIPHOCTI (hi3UYHOT BETMUMHU.
Kopuctyrouncs o3HaueHHAM MOy 4ncia Bupas (2.1) MoxHa mepe-
MUCATH TaK:
xX=XxAx. (2.2)
I'eomeTpuunmii 3MicT piBHAHHA (2.2) 300paxkeHo Ha puc. 2.1. IcTuHHe
3HaueHHSA X ()i3MYHOI BEIMYMHM HEMOXKIIMBO BHUMIPSATH, ajieé MOIKIHBO
OLIHUTH HOr0 IIOJIOKEHHS Ha YHCIOBIM OCl 3a JOIMOMOIOK aOCOIMIOTHOT
MOXHOKK Ax Ta JIHCHOTO 3HAYSHHS X, K€ BUMIpsATH MoxxHa. HaBkoio
IIACHOTO 3HAYEHHs a0COJIIOTHA MOXHOKA OKPECIIOE TaK 3BaHWM JeibTa-
OKin (+Ax), B sikomy miepeOyBae ic-

X —Ax X X +Ax
> THUHHE 3HaYeHHS x. ToOTO, mporery-
ﬂ Ax/ pa BU3HAYEHHS ICTHHHOTO 3HAYCHHS
X ($i3MgHOT BEIWYWHU 3BOJUTHCS O
Puc. 2.1. 3HAXO/KEHHS WOro mificHoro 3Ha-

YeHHS Ta TOXHUOKH BHUMIpPIOBaHHS.
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Bupa3z (2.2) Ha3UBaIOTh KiHYegUM pe3yIbmamom 1 3aUCyIOTh IS YUCIIO-
BOTO 3HAYCHHS KOXXHOI (Pi3UYHOI BETMYMHU SK ITiICYMOK BUKOHAHHS JIa-
6opaTopHOi poboTH.

Opnak abcomoTHa MOXHWOKA HE A€ 3MOTH BU3HAYUTH SIKICTH BUMi-
proBanHs. [losicHuMO 11e Ha npukiani. Hexalt BU3HaYarOTh JOBXHUHY CTO-
na [, Ta MOBKUHY BYJIHIN /; 3 OJHIEIO 1 Ti€HO K aOCOMIOTHOO MOXHUOKOK0 —
10 cm. [loBxuHa cTona craHoBHUTH 1,5 M, Bymumi — 1,5 kM. 3posymino,
[0 xo4a abcodroTHA MoXMOKa B 000X BHUIIAJKaxX OJHAKOBA, ajl€ SAKICTh
BHUMIPIOBaHHA Y JIPYTOMY BHUIIAAKy BUIA. TOMY BBOASTH BiTHOCHY MOXU-
OKy, AKa XapaKTepu3ye SKiCTb BUMipIOBaHHA. BoHa mokasye, Ky 4acTHHY
B 3Ha4eHHI (pi3MYHOT BEeTMUUHH 3aiiMae i1 abCOIFOTHA ITOXMOKa 1 TOMY Xa-
paKkTepHU3ye SKICTh BUMIPIOBaHHS.

Bionocna noxubxa Ox (Bhi3MYHOT BETUUHUHU YHCEITBHO JOPIBHIOE BiIHO-
IIEHHIO a0COJIIOTHOT MOXUOKU Ax BUMIPIOBaHHS JI0 il iICTHHHOTO 3HAYEHHS X'

A
S

8x (2.3)

3a3BU4ail BiTHOCHY MOXMOKY Ox BHpPaXKaloTh y BifcoTkax. Tomi (2.3)
Ax o
3amucyroTh Tak: 0x =—100%.
X
OO0epHEHY O BITHOCHOI MOXUOKHM BEIUYMHY \ = 1/0x Ha3HBAIOThH
MOUHICMIO.

3. lToxnOku Pi3HIHUX BEJIUYHH

Po3pi3HAIOTE TpH BUIH TIOXHUOOK: HPOMAX, CUCTIEMAMUYHY Ta 8UNAOKOBY.
3aBIaHHs EKCIIEPUMEHTATOPa — 110 MOYKIIMBOCTI YHUKHYTH IX.

Haiinernre yaukHyTH npomMaxis. [Ipomaxu — 1ie BEIHMKi TOXUOKH, 3Ti-
IHO (2.1) BOHM BMHHKAIOTH TOJIi, KOJM BUMIipsIHE 3HAUSHHS CYTTEBO Biapi-
3HSETHCSA Bl ICTUHHOTO. TOMY MpOMaxu BHSBISAIOTH NPU 3HAYHIA Bif-
MIHHOCTI OTPHMaHHX PE3yJbTATiB BiJl PEIITH TAaKOTro X THIy. YacTo Bix-
MIHHICTh HACTUTGKU BEJIMKA, IO OJIPa3y BUIIHO, IiJ 4ac SKOTO BUMIpIOBaH-
HS JIOTyIIeHa ToMUJIKa. Take BUMIpIOBaHHS BiAKuIa0Th. Lleit Tim moxuo-
KA € pe3ylbTaTOM HEMPABHIIEHOI IIOCTAHOBKH EKCIIEPUMEHTY, TOMIUIOK
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MiJ] 9ac peecTparii Ta OIIHKK JaHWX CIlocTepekeHb. [Ipomaxu 3aiexarb
JIMIIIE BiJl eKCIIEPHIMEHTATopa, TOMY iX I[JTKOM MO>KHA 030y THCh.

VY noxuOui, sKa BHHUKAE IiJl 4Yac BHUMIpIOBaHb, PO3PI3HSIOTH MBI
CKJIQJIOBI — CHCTEMAaTHYHY Ta BUIIAJKOBY.

3.1. CucreMaTH4YHi NOXHUOKH

Cucmemamuuna noxubxka — 1ie Toxuoka, 0OyMOBIICHA €10 CTATHUX Y Ya-
ci (hakTopiB. 3a3HAYMMO CYTTEBY OCOOJHBICTH TAKOTO THITY MOXHOOK —
iXHS BeJIMYMHA 1 3HAK 30€piraroThCs i 9ac MPOBEACHHS EKCIICPUMEHTY.

Taxi moxuOku MOXyTh OyTH ITOB’sI3aHi 3 MOMWJIKAMH TIiJ{ 9ac BHMi-
PIOBAaHHS HEJIOCKOHAIMMHU MpHiaaMu (HENpaBHIbHA INIKala, HEPiBHO-
MIpHHAH KPOK MIKpOMETPHYHOTO T'BHHTA, HE PIiBHI IUIEYi Bard TOIIO) i 3
CaMOI0 ITOCTAHOBKOIO JOCTiAy (HANpUKIaa, BUSHAYCHHS IMIBUIKOCTI IT0-
i31a HaA OUIAHIN, e pyX HMPOXOAMTH 3 MPUCKOPECHHSM, sIKe He OyJio Bpa-
XOBaHO EKCIEPUMEHTATOPOM). YHACTIIOK CUCTEMATUIHUX MOXUOOK pe-
3yJIbTAaTU JOCTINY, SIKi BIIMIHHI MiXK COOO0I0 Yepe3 BHUIIAIKOBI TOXHOKH,
KOJIMBAIOThCSI HE HABKOJIO ICTUHHOT'O X, a HABKOJIO JICSKOTO 3MIIEHOr0
x' 3HAYEHHSI.

Puc. 3.1 nmosicHroe BIAMIHHICTh MI’K BHITaJKOBUMH Ta CUCTEMATHYHH-
MU moxubOkamu. Y cuTyailii, sika 300pakeHa Ha puc. 3.1, a cuctemMaTrdHa
nmoxuOKa HACTIIBKM MaJia, 110 HEI0 MOXKHA 3HEXTyBaTu. BuMipsaHi 3Ha-
YCHHSI BIJIPI3HAIOTHCS BiJl ICTHHHOTO YHACTIJIOK BHIAJKOBUX MOXHOOK.
Ha puc. 3.1, 6 300pakeHO pe3ysIbTaTh JOCIiAy 3a HASBHOCTI SK BUTIAIKO-
BHX TaK i CHCTEMAaTHIHHUX TTOXHOOK.

CHUCTEMaTHYHA MTOXHOKA

X X x'
||||||I|||||| TTTTTITTTTT]
BHUMIpPSHI 3HAYCHHS BHUMIpSIHI 3HAYCHHS

a
Puc. 3.1.

OTxe, CHCTEMATHYHA TIOXHOKA € HACTIIKOM HEIOCKOHAIOCT TIPUIIAJIIB
Ta HEIOJIKIB METOAUKH EKCIEPUMEHTY. Ha npaxmuyi, skujo cmyoenm
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NPABUTBLHO 3ACB0I8 MEMOOUKY SUMIPIOBAHHS, MOICHA 86ANCAMU, WO CUC-
memMamuyHa noxubKa yCyHend.

BigMiHHICTE M)XK CHCTEMAaTHYHUMU Ta BUIIAJKOBUMU OXUOKAMU HE €
abcomoTHOI0. BoHa 1MoB’sA3aHa 3 MOCTaHOBKOIO pociiny. IIpoBonsun Bu-
MIPIOBaHHS OMOPY HE OJHHM, a JCKUTbKOMa OMMETPaMU, MH TIEPETBOPIO-
€MO CHCTEMaTH4HY MOXUOKY, MOB’S13aHY 3 HETOUYHICTIO IIKaIH, Y BUTA/-
KOBY, BEJIMYMHA i 3HAK SKOi 3aJCKUTh BiJl TOTO, KU OMMETp BUKOPHC-
TaHUH y KO’KHOMY Jociifi. OHaK y KOHKPETHOMY JOCIIl PI3HHUIIO MiX
BHITAJIKOBUMH Ta CHCTEMATUYHUMHU MOXUOKaMH 3aBXKIM MOKHA 1 TIOTPiO-
HO BCTaHOBJIIOBATH 3 IOBHOIO BU3HAYCHICTIO.

Ockinbku (hakTopH, IO MPHU3BOIATH 10 BUHUKHEHHS CHCTEMATHIHUX
MOXHUOOK, 3 YacOM HE 3MIHIOIOTHCS, 1X MOXKHA IepeadayuTH 1 MOBHICTIO
a00 Y9aCTKOBO YCYHYTH. AKio ybo2co He 80acmvCsi 3p0oumu, mo cucme-
MAMuyHy ROXUOKy 8paxosyloms 5K CK1a008y 3a2albHOl NOXUOKUL.

3.2. BunaakoBi NOXuoKku

Bunaokosa noxudxa oOyMOBJICHA JI€I0 HEKOHTPOJLOBAHOTO BILIMBY BH-
MaJKOBUX (aKTOPIB i MPOSIBISAETHCS Y XaOTHUHIHM 3MiHI PE3yNbTaTiB I0-
BTOPHUX CIIOCTepekeHb. [1il HEKOHTPOJIBOBAaHHM BIUIMBOM PO3YMilOTh
CYKYMHICTh (haKTOPIB, SKI HEMOXKJIMBO Hamepes nepeadaunt. Tomy Bpa-
XyBaTH X MOKHA TUTBKH 3a JOIIOMOTOIO METO/IIB Teopii HMOBIpHOCTEH Ta
MaTeMaTU4HOI CTATUCTUKH.

st Toro, mo0® BHUSBUTH BHITAJIKOBY TOXHOKY, BUMIPIOBaHHS HE00-
X1JTHO TIPOBECTH JIEKilbKa pa3iB. baraTopazoBi BUMiproBaHHS OJHI€T 1 Tiel
K (pi3uvHOT BeMUMHM X, TIPOBEICHI Ha OJTHOMY 1 TOMY K MPHIIaJli, Ha3H-
BAIOTh NO8MOpHUMU, A00 pieHomounumu. N PIBHOTOYHHX BHMIipIOBaHb
¢bi3nyHO1 BeTMYUHHU X MO3HAYAIOTh X1, X2, ..., Xy. JJOBUTbHE PiBHOTOYHE
BHMIPIOBaHHSI IO3HAYAIOTH X; 1 KAXKYTh, 1110 I i-T€ BUMIPIOBAHHSI.

3.3. EnemeHnTH Teopii iMoBipHOCTEl Ta MAaTeMAaTHYHOI CTATHCTHKHU

Hwx4ve posrissHeMo HU3KY HOHATH, SIKI TOTPIOHI JUIS PO3YMIHHS METO/IIB
00YHCIICHHS TTOXHOOK.

[Tonii, 1o BiAOyBarOTHCS B HABKOJIUIIIHBOMY CBITi, MOAUISAIOTH HA Gipo-
2I0Hi, Hemoocuei Ta sunaokosi. Ilepi 3a pearizariii IEBHOTO KOMITIEKCY
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YMOB BiJIOYBalOThCsI 3aBXAM, Pyl — HIKOJIH, TPETI — MOXYTh K BiJ-
OyBaTuCh, Tak 1 He BinOyBaTHCh. BumankoBi moxii 3aiiMaroTh IPOMIKHY
TIO3HIII0 MIXK «3aBXIN» Ta «HiKoam». [lofil Mo3HaYarOTh BENUKUMH Jia-
THHCHKUMH JliTepamu 4, B, C...

[in eunpobosysannsm poO3yMIIOTH 3a0E3MEUCHHS BCIX HEOOXITHUX
YMOB JiJIs TTOsIBH aHoi moii. Cami yMOBH, 1o 3a0€3MEeUYyIOTh MOSBY IO-
Iii, HE € TIOBHICTIO MiJKOHTPOJBHUMH CKCIIEPUMEHTaTOpy. ToMy Teopis
HMOBIpHOCTI, K HayKa IpO YHCJIOBY Mipy BHIAJIKOBHX IOJiH, mependa-
Yae BUBYCHHS HE OJMHUYHKX, & MACOBUX BUIIAJKOBUX MOJIIM.

[Toxii po3pi3HSAIOTE CyMicHi — KOJIH TOSIBA OJHIET TIOJIiT HE BHKITFOYAE
TMOSIBY 1HINO, Ta HeCyMiCHi — KOJIM BUKITIOYAE.

[Toxii Ha3uBaIOThL pigHoMoNCIUGUMY (PEATTIBYIOTBCS 32 PIBHOTOYHHX
BUMIPIOBaHb), SIKIIO ITiJ Yac BUIIPOOOBYBaHb 3 SBIISIOTHCS OJHAKOBO Yac-
t0. Kiytbka moiif yTBOPIOIOTE nO6HY epyny, SKIIO MOsBa Xo4a O OIHIET 3
HUX — BiporifHa nojis. Hanpukiian, ToBHA rpyra — MosBa YMCiia TOYO0K
Bix 1 10 6 IpW KUmaHHI TPaTFHOI KOCTI.

BumaakoBi BeJIMYWHU TOJIUISIOTh HA OUCKpemHi Ta HenepepsHi. Jluc-
KpeTHA BUIIAJKOBA BEIMYMHA MA€ CKIHYCHHY KUTBKICTh MOXKIIMBHX 3Ha-
YeHb, HETIEPEPBHA MOXKE Ha0YBaTH BCiX YHCIIOBHX 3HAYCHD 3 IHTEpBaTy Ha
yucioBidd oci. [IpukmagoM QUCKpeTHOI BENMYMHH MOXe OyTH 3HAuSHHS
aTMoc(epHOTo THUCKY, 3HAWICHI 3 TOYHICTIO JI0 MIJINX, HEePEPBHIX — 3a-
JISKHICTH OTIOPY IIPOBITHHUKA BiJl TEMIIEPATypH.

BBenemo kimacuuHe BH3HAYEHHS YHCENTBHOT MOMIIMBOCTI peaiizarfii
nogii — timosiprocmi. VIMoBipHicTIO 1eBHOT T0/1i1 A HA3MBAKOTH BiHO-
IICHHS KUTBKOCTI BUTIAJIKIB 714, SIKi CIIPUSIIOTH TOSBI JIaHOT TOJIi1, IO 3ara-
JILHOT KUTBKOCTI 7 PIBHOMOYKJIMBHX 1 €JIMHO MOXXJIMBUX BHIPOOOBYBaHb,
SIKi YTBOPIOIOTH TIOBHY TPYIIY:

n
P(4)="4. 3.1)
n
I’lA .
BeJ'II/I'H/IHy n4 Ha3UBAKOTb vacmomor, — — BZaHOCHO}O yacmomoro 110-
n

SIBU TIOJi].
OnHak ny Ta n HE 3aBXIU CKiHYeHHI. TOMy BBOJSTH CTaTHCTUYHE
O3HA4YEeHHS HMOBIpHOCTI BHmankoBoi moxii. MMoBipHiCTE BHmamKoBOT
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moJlii A — 1Ie TPaHUId BITHOCHOI YaCcTOTH Wi€l MOil IpH HEOOMEKEHOMY
30UTBIIEHH] KiJTBKOCTI BUIIPOOYBaHb:

P(A4) = lim 24| (3.2)
n—w p
JlocBij mokasye, 10 BUIMAIKOBI OXMOKK MArOTh TaKi BIACTUBOCTI:
1) moxmOKkM BUMIpPIOBaHb MOXKYTh MaTH HEIIEpEPBHUHN P 3HAUCHD;
2) 3a BEJNMKOI KiJIbKOCTI CIOCTEPEXEHb MOXHOKM OJHIET BENNYNHH
PI3HOTO 3HAKy 3yCTpPidarOThCs OJTHAKOBO YacTo;
3) BemnHKi MOXHOKH CIIOCTEPIraloThes pifle, Hidk Mai.
BrnactuBOCTI BUMaKOBUX BEJMYMH BU3HAYAIOTh YHCIIOBI XapaKTepH-
CTUKHU PO3MOJiTY, SKi ojaHi B Tad. 3.1.

Tabnuys 3.1.

YunciioBi XapaKTEPUCTUKN PO3IIOALTY JUIS AUCKPETHHX 1
HEeNEepEpBHUX BEITMUUH

Henepepsna Beanunna

JluckpeTHa Benu4uHa .
3 iHTepBany (a; b)

MareMaTuyHe CIOAIBAHHA:

n b
M(X)=xp+ %0, + 4 X,0, = D50, M(X) = [xf(x)dx
i=1 a

I'enepanbHa quciepeis:

n b
DX) =Y (x,=MX)) p, D) =[(x=MX)) f(x)dx

i=1

CepeaHbOKBAIPATHYHE BiIXUIICHHS:
o(X)=+D(X)

BiiacTUBOCTI BHMMAgKOBUX MOXUOOK OMUCYHOTh TMEBHOI (DYHKITIEO

posnoxiny F(Ax), T SKOK PO3YMIIOTh 3B’SI30K MiX aOCOFOTHOIO ITOXH-

nAx
n

OKOI0 Ax Ta BIIHOCHOK YacTOTOIO IOSBU IOXHOOK , J€ n — TOBHA

KUTBKICTh BUMIPIOBaHb, /px — YHCIIO BUMIPIOBAHb 3 TOXHUOKOIO Ax:

12
F(Ax)=lax (3.3)
n

JIist AMCKPETHOT BUITAKOBOT BETUYMHUA X 3aKOH PO3MOJiITY 3aIUCy-
I0Th Y BUTJIS/AI TaOJIHIIL:

X X1 X2 X; X
P D1 D2 Di Dn
II€ X1, X2, ..., Xy — MOXIIUBI 3HAUCHHS (I3UWIHOT BEIWIUHU X; P1, P2, ---» P

— BIAMOBIIHI KMOBIPHOCTI JUTsI IIUX 3Ha4Y€Hb, TOOTO p; = P(X;) — WMOBIp-
HICTH TOTO, IO BUITAJKOBA BEMMYMHA X NpH BUIpoOyBaHHI HaOyne 3Ha-
YEeHHS X;.

[ToximHy (QYHKIIT po3MOMaiNy Ha3HBAIOTh (DYHKYICH WITbHOCMI PO3-
nooiny timogipHocme:

f(Ax) = F'(Ax). (3.4)

3a HECKIHYEHHOTO PSIy BHMIpIOBAaHb BHKOPUCTOBYIOTH [HMeEZPAlbHY
@ynryiro poznoodiny. IHTErpaTbHOIO QYHKITIEIO pO3MOaiUTY (Hamai GyHKIIEO
PO3MOITY) BUITAIKOBOI BEJTMYMHHU X HA3UBAIOTh HMOBIPHICTh TOTO, 1110 BH-
TMaJIKOBa BEJIMYMHA X HaOyBae 3HAYEHHS, MEHIIIOTO 3a JesSKe 3HAUSHHS X :

f(x)=P(x<X). (3.5)
Haiiyacrimre sik pyHKIIFO po3NOIiiTy MOXHOOK BUKOPHCTOBYIOTH HOP-
MaJIbHHUH 3aKOH po3moiny [ayca:

_(ax?
1 702

P(Ax)=—c¢ ,
2no
e o6& — IUCTIEPCisl TeHEePaIbHOI CYKYIMHOCTi, AX — BIIXWJICHHS Bif ic-
TUHHOT'O 3HAYEHHS.
Ha puc. 3.2 300pakeH0 HOpManbHY (YHKINIO PO3MOIUTY A ABOX

(3.6)

3HauYeHb G. li (opMa BiAMOBiJla€ BIACTUBOCTAM BHUIAJKOBHX IMOXHOOK:
CUMETPHUYHICTD BiloOpakae To# (akT, 0 3a BEIMKOI KiJTBKOCTI BUMIpIO-
BaHb PIBHOWMOBIPHUMH € TTIOXWOKH, OJTHAKOBI 332 BEJIMYNHOIO, aJIe TIPOTH-
JIeKH] 32 3HAKOM; MOHOTOHHICTh Ta 3MEHIIEHHS IIUIBHOCTI HMOBIPHOCTI
31 30UIBIICHHAM BiIXWJICHHS BiJl iICTHHHOTO 3HAYCHHS BKa3ye Ha Te, IO
MOSIBa BEJIMKHUX ITOXUOOK MaJIOMMOBIpHA.
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Jlist nosicHenHs 3MicTy ¢yHkiii [ayca 4 P(AY)
BUJITMMO Ha OCi MOXUOOK iHTepBa [—Axj, 5:1
Ax;]. IToma ¢irypu, 0OMekeHOT KpUBOIO
Tayca, Biccro abeuuc, npsaMuMu Ax =—Ax; %
Ta Ax=Ax, (3amITpuxoBaHa IUIAHKA Ha ¢z
puc. 3.2) 4MceNbHO JOPIBHIOE HMOBIpHO- 2
CTi, 3 SKOIO JIOBUIbHE 3HAYCHHS TOBTOP- I%
HOTO BHMIPIOBAaHHS MOMAJa€ B IHTEPBAI
[Ax;, Ax;]. 3posymino, 10 Bes IUTOMIA I/{%?\:\i:s
i KpuBoIo I'ayca NOpiBHIOE OIMHHUIII. // /f %E \\ \\
JI1s1 OLiHKH TO‘lH.OCTi BUMIDIOBAaHHS ;r A, f&\_: 5‘:‘_
BUKOPUCTOBYIOTh JIBI XapaKTEPUCTHKH: Prc. 3.2,

HaOiliHUull inmepsean Ta epaHuuxy (Ha-
nitHy) noxubky A. Haniifiauii iHTepBan — me iHTepBa, IO MICTHTSH ic-
THHHE 3HAYCHHS X (Di3MYHOT BEIMYMHH 3 331aHOF0 WMOBIPHICTS Y, Ky Ha-
3MBAIOTh HAJIITHOIO HMOBIpHICTIO, 200 KoedinieHToM HaaiiHOCTI. OTXNE
P(x-A<x<x+A)=y, (3.7

Jie TpaHWYHA TTOXNOKa A JOPIBHIOE MTOJIOBHHI HaIifHOTO iHTEepBaiy i
A =t(y,m)o, (3.8)

Jie Gy — OILIHKa CepeIHbOKBaAPATUYHOTO BiAXHUIICHHS, #(y,m) — HOPMO-
Bauii kKoedinient CThIONEHTA , M — KiNbKiCTh CTYIEHIB BiIBHOCTI, Ke
JIOpiBHIOE 71— 1 0OpOOKU TPyNH 3 77 BUMIPIOBaHb.

TyT nns oIiHKK HAIIHOTO 1HTEpPBAJly BUKOPUCTOBYIOTh 3aKOH CThIO-
JeHTa f(x), AKUi CrpaBe/UIMBHI 32 YMOBH MaJIOi KiJIbKOCTi TOBTOPHUX BU-
MiproBaHb 2 < 1 < 30.

Sxio BioMi CTaHAApPTHI BUMAKOBI BEIMYUHH X, ..., Xy, TO PO3IIOI-
oM CTBIOAEHTA 3 /1 CTYNEHSIMH BUIFHOCTI HA3MBAIOTH PO3IIOMALT TaKOl BH-
M1aJIKOBOT BETMUMHU:

" OTpuMaB CBOIO Ha3BY BiJ ICeBIOHIMY Student, sikuM aHrmiiicekuii Buenuit B. Toccer
MiJIHCYBaB CBOI pOOOTH 31 CTATUCTHKH.
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I'ycTHAa IMOBIPHOCTI IIBOT'O PO3MOALTY € CHMETPUYHOIO (QYHKITIETO:

—(n+1)/2
I'((n+1)/2 2
b, (Z) = (( ) ) z

—_— + ,
" F(n+2)m n

ne z=(x—Xx)/S, (aus. (3.16)); I'(x) — rama-dpynxuis (I-dyHKuis), oaHa
3 HAWBKJIMBIMIKX CIEIiaTbHAX (YHKIIH, sIKa y3arajJbHIOE MOHATTSA (ak-
topiana. Tak, [uIsl TUIMX TO3UTHBHUX # BOHA JopiBHIOE [ (1) = (n—1)! =
1-2...(n—1). Bnepme BBeaena JI. Ditnepom y 1729 porii, cBoiM mo3Ha-
YeHHAM 30008’ s13aHa JlexxkaHapy.

Ilnoma iz KpuBoKO p, (z) AOPIBHIOE OJMHMILI, & OOIHCICHHH iHTerpa

Jla€ 3HAYCHHS KOeillieHTa HAMIMHOCTI 3aIeXHO Bijl CTYIEHIB BUIBHOCTI 71.
Ha pwuc. 3.3 300pakeH0 BHIJIAJ KPUBOI TYCTHHH HMOBIPHOCTI PO3IOILITY
CrprozieHTa A1 BUNAJKIB 7=2 (MIyHKTHpPHA KpUBa) Ta n=0o0 (CyIiJIbHA
kpuBa). OCKUTLKU MPH 71 =00 po3noin CThIOJCHTa IEPEXOAUTh B PO3MOILT
Tayca, To Ha puc. 3.3 115 OPIBHAHHSA 300paXKEHO JBa BUMAIKH — JUIS Ma-
701 Ta BENUKOI KiJIbKOCTI BUMipIOBaHb. BuaHO, 1m0 po3noain CTelo/ieHTa
BMMArae GiIbIIOro HOPiBHAHO 3 posnoiaoM [ayca HamiliHOTO iHTEpBAIY.
Iloscaumo ue. Hexail mpoBeneHo
EKCIICPUMEHTH 3 TiJAKUIAHHIM MOHETH.
n=o0 ﬁMOBipHiCTB TOrO, IO BUMAJE TOW UH
1HIMK OiK OJJHAKOBa, TOOTO JOPIBHIOE
0,5. OgHak HMOBIPHOCTI, OTPHMaHI Ha
OCHOBI EKCIICPUMEHTIB 3 MiAKUIaHHI
MOHETH, OJH3bKI IO IIUX 3HAYCHb Tillb-
n=3 KH 32 YMOBH BEIWKOI KUTBKOCTI BHMi-
-~ pIOBaHb. SIKIO TPOBENECHO Maly Kilb-
5 KiCTb BHUMIPIOBaHb, HAamNpUKIad, 3, TO

p, (2)

_L-'-r
-5

Wy

0
WMOBIpPHOCTI TOTO, IO MOHETa BHAlE
TUM 9H THIIAM OOKOM, MOXYTh CTaHO-
Butu 0,33 Ta 0,77, BianosigHo. OTXe, pO3KUA 3HaYeHb WMOBIpHOCTEH 3a
MaJIoi KiJIbKOCTI BUMipIOBaHb OUBINHIMA, HiXK 32 BEIHKOI, IO 00YMOBIIIOE
3pOCTaHHS HaJiHOTO iHTEpBaly.

Puc. 3.3.

XapaktepHuM s po3noainy CThloJleHTa € HOro He3aleKHICTh Bill
nificHOro 3Ha4YeHHS 1 aucriepcii TeHepaIbHOI CyKYIMHOCTI Ta MOXIIUBICTB
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OITIHKK TTOXHUOKH 13 33J]JaHOK0 HATIMHOI0 WMOBIPHICTIO 32 YMOBU HEBEIH-
KOI KUTBKOCT]1 BUMIpIOBaHb.

OueBuHO, 110 3 ypaxyBaHHSIM BIACTUBOCTEH BHIAJKOBHX ITOXHOOK
HaHOJIMKYMM JIO ICTUHHOTO 3HAaYeHHsS X (PI3UYHOT BEIMYHWHHU, TOOTO HOTO
JiICHUM 3HaYeHHsAM, OyJe cepenHboapu(pMeTHUHe 3HAaYeHHS X BCIX BH-
[aJKOBUX BEIMYUH, 1[0 YTBOPIOIOTh IOBHY I'PYILY:

X tx,t+...+x 1<
roltntets _ls (3.9)

n g
Hexaii y pe3ynbraTi eKCIIEpUMEHTY IS 3HAYEHb X|, X7, ..., X; JICTAJIN
BIANIOBINHO Yyacmomu ni, na, ..., N Tak, Mo n, +n, +...+n, =n. Bpaxysa-

BIIM O3HAYEHHS M (X) I AMCKPETHUX BUITAKOBUX BEIIMYHMH, OTPUMAEMO:
n n n

_ _ 1 2 Kk _

M(X)=xp; + X0, +...+ X, D —xl—n +x, =+ +x, L=

n n
(3.10)
_ X A Xy X

n

To06T0, MaTeMaTHYHE CIOAIBAHHS XapaKTEePU3ye CEpeIHE 3HAUCHHS BUTIA-
JIKOBOI BEJMYMHH. MIOro ofvHMI BUMIPIOBaHHSI CITIBIAIalOTh 3 OJMHH-
[IMHU BIMIipPIOBAHHS BHUITKOBOI BETMIHHH.

Jucriepcis XxapakTepu3ye CTYIiHb PO3CISIHHS BUIAJIKOBOI BEIHMYUHH
HaBKOJIO MaTeMaTWYHOTO cromiBaHHA. OmHaK 11 OMUHUIN BUMIpPIOBaHHS
miHEeCeH] 0 KBaIpaTy MOPIBHIHO 3 OJUHHISIMA BUMIPIOBAaHHS BUIIATKO-
Bol BenuyuHU. Yepes3 1e BBOIATH CEPEIHE KBAApPATHYHE BIAXHICHHS,
3MICT SIKOTO TakKWH ke, IK y JUCIepcii, a po3MipHICTh BiJIMIOBiAa€ BUTIAM-
KOBIH BEJIWYMHI.

Toni, 3 ypaxyBanuas ¢dopmyn (2.2) ta (3.10), Bupa3 ans iCTHHHOTO
3HAYEHHs BeIMYMHU X MOKHA 3alMCaTH TaK:

x=Xxzto. (3.11)

3a3HaunMO, M0 MHOXKHUHY /N 00’€KTiB OTHAKOBOI IPUPOIH, sIKa TIepe-
BipeHa Ha MEBHY KUIbKICHY Ta SIKICHY O3HaKy, Ha3UBAIOTb 2eHEPALbHOI0
cyxkynuicmio. Taka MHOXHHA YTBOPIOE MOBHY TIpyIy 1 AJisl Hel MOXYThb
OyTH po3paxoBaHi MaTeMaTH4HE CIIOJiBaHHA, IHCIIEPCiS Ta CeperHbO-
KBajJpaTH4yHe BigxwieHHs. OfHaK, MiJl 4ac eKCIIePHUMEHTY peallizyBaTh
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BHMIPIOBaHHS BCiX BHITAJIKOBHX (Di3MYHUX BEIIUYUH, SKi YTBOPIOIOTH IO-
BHY TPYITy, BOXKO 1, 3a3BU9alf, EKOHOMIYHO HE BUIIPABIAHO.

ToMy s NpakTUYHHX BHUMIPIOBaHb BUKOPUCTOBYIOTH GUOIDKO8Y
cykynnicmio (6ubipky) — TIIMHOXHHY 7 T€HEepaldbHOI CyKymHOCTI M.
Enementn BUOIpKM X; Ha3WBaIOTh 6apianmamu. BuOipkoBa CyKyIHICTh
icHye 00’€KTHBHO, OCKUIBKHM JI0 Hel CTaBUTHCS BUMOTA MPABUIBHO BiJIO-
OpakaTd mponopilii TeHepalbHOI CYKYITHOCTI, TOOTO OyTH pernpe3eHTa-
TUBHOIO. ["omoBHUMY i1 mapameTpamu € n i V.

O1iHKOI0 MaTeMaTHYHOro croaiBaHHsa M (X) reHepaibHOi CyKyIHOC-
Ti € BUOIPKOBE CEepEIHE:

f:lei n,. (3.12)
nig

[1ix yac BukoHaHHS TaOOPaTOPHHUX POOIT BCi YACTOTH #; JOPIBHIOIOTH
OIIMHHUII 32 YMOBH YHIKQJIbHUX 3Hau€Hb X; IOBTOPHUX BUMIpPIOBaHb (i3H-
yHOT BeTnunHU. Tomy

Y:lei. (3.13)
nigg

3BepHIMO yBary Ha BH3HAUCHHs aOCONIOTHOI MOXUOKH Ax, SKE MH
nojanu B (2.1). BoHo TouHe, ane Ha NMpakTHIli HE MOXKe OyTH 3aCTOCOBa-
He, 00 B HbOMY € BEJIIMYWHA, SIKY BUMIPSITH HEMOXKIIMBO — ICTHHHE 3Ha-
YeHHs X (i3WIHOT BeTHuuHU. TOMy i 9ac po3paxyHKy aOCOTIOTHOI ITo-
XUOKHU AX; i-TOTO MOBTOPHOTO BUMIPIOBAHHS 3aMiCTh iICTHHHOT'O 3HAYCHHS
x OepyTh HaWOIMXKUe IO HHOT'O 3HAYCHHS, SIKE MOXHA 3HAWTH — BHOIp-
KOBe cepefHe X (JilicHe), 1 BiJl HbOTO BiIHIMAIOTh 3HAYECHHS i-TOTO IIO-
BTOPHOTO BUMIpIOBaHHS:

Ax; =¥ -x,]. (3.14)
Ouinkoro rerepanbHoi aucnepcii D(X) € BuOipkoBa aucmepcis:
1 & 2
DB=H—22(x—x,.) : (3.15)
i=l1

OpHak oIiHKa BUOIPKOBOI JAHUCIIEPCIi € 3MIMICHOI0, OCKLUTEKH TIPH 00-
YyHuclieHHI D, Ha BUOIPKY HaKIaIeHo 3B’ a30K (3.13), 1110 3MiHIOE KiJIbKICTh
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HE3aJI)KHUX 3HAYCHb Ha OMMHHINO. I YyCyHEHHS 3MIIlEHHS BBOJSTH
8UNPABIEHY OUCNePCiIo:

SR S o PR,
S;—n(n_l);(x x;) (3.16)

Ta BIATOBIAHE 8UnpaesieHe GUOIPKoGe cepeone K8aopamuite 6i0XULeHHsL:

B B 1 n - 2
GB—\/E— —n(n—l)Z(x x) . (3.17)

i=1

3a Takux yMOB ¢opMylia JUIS BH3HAYCHHS BIJIHOCHOI IMOXHOKH Mae
TaKUH BUTIISAL:

8x=2-100%. (3.18)
X

Kinneswnii pe3ynpTaT MOYKHA 3aIIHCATH TaK:
x=Xzto. 3.19)

3.4. O0uMc/IeHHA MOXUOOK i/l Yac MPSIMUX BUMIPIOBaHb

Ilix wac mpsAMuX BHUMIpIOBaHb 3HAueHHS X (Di3MYHOI BeMMYMHHM X 3HAXO-
JIATh Oe3mocepe/Hbo 3 eKCIepuMeHTy. Haioro MeToro Oyne oriHKa OKoIy
— HaJIIHHOTO IHTEpBANly, B SIKOMY i3 3aJlaHOI0 HaIIiHOI WMOBIpHIiCTIO P
MICTUTBCS ICTHHHE 3HaYE€HHS X BUMIPIOBaHOI (Pi3MYHOT BETMUUHN X.

[ToBHa moxmOka BUMIpPIOBaHHS CKJIAJAEThCS 3 CUCTEMaTHYHOI Ta BHU-
maakoBoi. OCKUIBKH 3 Teopii WMOBIpHOCTEH cimimye (IUB., HAIPHUKIA,
(3.6)), o MOMAIOTH HE caMi MMOXUOKH, a IXHI KBaApaTH, TO:

Ax = (A + (A ) (3.20)
BBaxaTumemo, 110 cHCTeMaTH4HI TOXUOKN yCyHYTO, TOOTO Ax = Ax,, .

Bunaokosa noxubka eumipio8ants Axy,, Ma€ TPU CKIAIOBI: 8UNAOKOBY
noxubky Ax,, noxubxy npunady Ax, Ta noxuobxy saokpyenenus Ax,. Otxe,

ananorigao mo (3.20) 3a ymoBwm, mo Ax, . =0, cymapHa moxubka Ax

CHUCT

TIOPIBHIOE:

Ax = (A, + (Agx) + (A x) (3.21)
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ITepen oOumcneHHSAM MOXMOOK 3a/lal0Th HaAIHYy WMOBIpHICTH P, 3
SIKOIO TIOTPiOHO BU3HAYHUTH MEXKi HaIlIfHOTO iHTEepBAaITy.

3BepHIMO yBary Ha Ba)yJMBYy ocoOmuBicth ¢opmya (3.20) Ta
(3.21). fAxmo oxna 3 moxuOOK yaBIUI Oinblma 3a iHITY (HAIIPHKIIA]
AXpun = 2AXcyer), TO OTPUMAEMO:

2
Ax - (%AxBI/I"j + (AxBHH )2 - \/éAxB"H ~ 1’1 2AxB]4n . (322)

Tomy B (3.22) 3 TOCTaTHBOIO TOYHICTIO MOKHA MPUHHATH AX = AXpyy .
OTxe, MeHIIa TTOXMOKa Maibke He BIUIMBAE Ha pe3ysbTaT, SKIIO BOHA
MpUHAMMHI yJBiui MeHIIa Bij Oibmioi. [lei BUCHOBOK Ha3UBalOTh npasu-
JIOM «mpbox cuem», (G — cepelHe KBaApaTH4He BiAXMICHHS). 3BYYHTh
BOHO TaK: SKWO 0OHe ab0 OeKilbKa CepeoHbOKEAOPAMUYHUX GIOXUTEHD
BENUYUH NPUHALLMHI 8MPUY] MEHWT 3 pewmy, mo maKumu eI0XUIeHHAMU
MmodicHa 3nexmyeamu (IPUPIBHITH IO HYJIA).

[paBmito «mpwox cuem» nae 3MOTY BiACTIIKOBYBaTH MpoMaxu. SKIo
MOXHUOKa i-TOrO BUMIPIOBaHHS € OIBIIOI0 32 MAKCHMAJIbHO MOXKIIUBY TIO-
XUOKY AXmax = 3G, TO HOTO BBXKAIOTH IIPOMAaXOM 1 BIIKHIAIOTh.

[lix gac BUKOHaHHS NabOpaTOpHHUX POOIT Ta MPOBENEHHS 0araThbox
HayKOBUX BHMIpPIOBaHb KiJbKICTh MOBTOPHUX BHUMIpPIOBaHb HE3HAYHA
(n<30). 3a Takux YMOB BHITaJKOBY MOXHOKY BH3HAYalOTh Ha ITiJICTaBi
3aKOHY PO3ITOILTy BUIIAIKOBHX MOXHO0K CThIo/ieHTa 3a popmyItoro:

AX=1p,0,. (3.23)

Hns mporo pospaxoByioTs G, 3a (3.17). Koedinient CtrronenTa fp,
BU3HAUAIOTh 3 Tabu. 3.2 3a BUOpaHOIO HaJiifHOIO IMOBipHICTIO P Ta Kijib-
KICTIO IOBTOPHUX BUMIpIOBaHb m = n — 1. 3HalieHi 3HAYCHHSA Oy, p,, M-
CTaBIAOTh y popmymy (3.23).

[ToxubKy, 3yMOBIIEeHy piBHEM HEZOCKOHAJIOCTI MPHIIAay, Ha3WBAIOThH
noxubxow npunady i BU3HAYAIOTH 3a JIOTIOMOTOK0 HOTO KJIacy TOYHOCTI.
Knac mounocmi npunady k IpyHTY€ETbCS HA TIOHATTI 8IOHOCHOI 36e0eH0l
noxudxu Ox.. lle moxubka, sika YUCENbHO JIOPIBHIOE BiHOIIEHHIO TPaHHM-
qHOi aOCOMOTHOI MOXUOKU Ax;, BUMIpIOBaHHA 10 TPAaHUYHOTO 3HAYECHHS
HpUIALY Xrp 1 BAPAXKEHA Y BIICOTKAX:
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Axyy 0
k=06x,,=——:100%, (3.24)
Xep
Jie TPaHU4YHEe 3HA4YEHHS NPHIANy X, — 1€ MaKCHMajbHE 3HAUYeHH:, JI0
SIKOTO MO>K€ BHMIPIOBATH MPUJIAN Y JAaHOMY Jialla30Hi; TpaHWUIHA TTOXHO-
Ka Ipuinamy Axy, — MaKCHMAJIbHO JIOIMyCTHMa IOXHOKa, SIKy Ja€ Ipuiaj
IiJ] 9ac BUMIPIOBaHb.
['pannuHe 3HAYECHHS MPIJIaJy MOKHA BU3HAUHUTH Yepe3 KIIac TOYHOC-

Ti k mpunaay:

T (3.25)
T 100%
Tabnuys 3.2.
Koediuientu CtbrofeHTa £,
- Haniitna iimoBipHicTh P

0,1 0,2 0,4 0,6 0,8 0,9 095 | 098 | 099

2| 016 | 033 |0,73 | 1,38 | 3,08 | 631 | 12,70 | 31,80 | 63,70
31014 | 029 | 062 | 1,06 | 1,89 | 2,92 | 430 | 696 | 9,92
4 | 0,14 | 028 | 0,58 | 098 | 1,64 | 2,35 | 3,18 | 4,54 | 584
5013|027 | 057 094 | 1,53 | 213 | 2,78 | 3,75 | 4,60
6 | 013 | 027|056 092 | 148 | 2,02 | 2,57 | 336 | 4,03
71013 | 027 | 055 | 090 | 144 | 194 | 245 | 3,14 | 3,71
8| 013 | 026 | 054 | 090 | 142 | 1,89 | 2,36 | 3,00 | 3,50
91013 | 026 | 0,54 | 090 | 1,40 | 1,86 | 231 | 2,90 | 3,36
10| 0,13 | 0,26 | 0,54 | 0,88 | 1,38 | 1,83 | 2,26 | 2,82 | 3,25
12013 | 026 | 0,54 | 0,87 | 136 | 1,80 | 220 | 2,72 | 3,11
14| 013 | 026 | 054 | 087 | 135 | 1,77 | 2,16 | 2,65 | 3,01
16 | 0,13 | 0,26 | 0,54 | 0,87 | 1,34 | 1,75 | 2,13 | 2,60 | 295
18| 0,13 | 0,26 | 0,53 | 0,86 | 1,33 | 1,74 | 2,11 | 2,57 | 2,90
20| 0,13 | 026 | 0,53 | 0,86 | 1,33 | 1,73 | 2,09 | 2,54 | 2,86
25| 0,13 | 026 | 053 | 0,86 | 132 | 1,71 | 2,06 | 2,49 | 2,80
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HeoOxigHicTh 3BeIeHOT TOXUOKHU MOSCHIOETHCS TUM, 11O HaBiTh MpH
HE3MIHHOCTI a0CONIOTHOT MOXHOKK HA TAaHOMY Aialla30Hi MpHIagy BiTHO-
CHa MOXUOKa B Mipy 3MCHIIICHHS 3HAYeHb BUMIipPIOBAHOI BEJIMYMHU HE 3a-
JIMIIAETHCS CTAJIO0, a 3POCTAE.

Le sickpaBoO TPOSBIISIETHCS TMiJT Yac BEMIpIOBaHb Ha OaraToliama3oH-
HuX npwiaaax. Hafiuacrinre 6araTosianazoHHUMU MPUIAAMU € SJICKTPO-
BHMIpIOBAJIbHI TTPHITAITH.

To4HICTH €EKTPOBUMIPIOBATEHUX MPIIIAMIB € IX TOJOBHOIO XapaKTepH-
CTHKOIO 1 JISKUTh B OCHOBI TIOJIUTY TIPWJIJIIB Ha KJacH. BinmosigHo 10 aep-
JKaBHOTO CTaHIAPTY €JIEKTPOBUMIPIOBAIBHI MPHJIAIA MOIUIIOTECS Ha BICIM
kmacis: 0,05; 0,1; 0,2; 0,5; 1,0; 1,5; 2,5; 4,0. UnM BHIIMM € K7ac, 10 SKOTO
HAJISKHUTH MPUIIA, TUM MEHIIIA HOTO TOYHICTh. Y CTPUIKOBUX MPUIIAIIB KIlac
TOYHOCTI BKa3aHO Ha JIMIEBil maHei, (POBUX — y TEXHITHOMY MACIIOPTi.

OTxe, Maroud MpHJIaJ, EKCICPUMEHTATOP 3HAE JIBI BETUYMHU — KJIac
TOYHOCTI k npunany (BiIHOCHY 3BelleHY IOXHOKY OX5) Ta Aiama3oH (Xpp),
y skoMy BUMIiproe nipuniaa. Toxi 3a ¢hopmynoro (3.24) abcomroTHa MOXUO-
Ka JIOpiBHIOE:

kx,,
Ax,, = 00" (3.26)

Mpukaan. ObpaxyeMo TpaHWYHY MOXMOKY BUMIPIOBaHHS NpUIIady
Ha pi3HMX miama3oHax. Hexaii MaeMo Oararomiammia3oHHUN Tpuiaa is
BUMIPIOBaHHS OIOPY PE3UCTOPIB — YyHIBEPCAIFHUN BOJBTMETP i BU3HA-
yaeMo HUM orrip pesuctopa R = 500 Om y miamazoHax:
nmiamazod I — 0+-1000 Ow;
nmiamazod II — 0+-10000 Owm;
nmianasod I — 0+100000 Om.

Toni qyisa nianasony I:
1

kR . AR
AR = JLOLO00_ 56y srt = o 100% = 10 100% = 2%:
» 100 100 w R 500

Iutst niamazony I1:
AR“ _ 1,0-10000
P 100

=1000Mm, B8R} :%-100% =20%;
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1S miarazony I11:
m-1,0-100000
100

BuwmiproBanHs ofHi€el (i3WYHOI BETUYUHUA TPOBOJMIN OJHHUM 1 TUM
K€ METOIOM Ha OJHOMY 1 ToMy > mpmiaai. OJHaK AKiCTh BUMIpIOBaHb Ha
pI3HUX Jiana3oHax CyTTE€BO pi3Ha. 3alOBUTLHUM MOXXHA BBaKATH BHMi-
PIOBaHHSI TJIPKW HA TIEpIIOMY Jiana3oHi. Ha TpeTbomy miama3oni moxuo-
ka B 200% Bka3ye Ha Te, IO MOXMOKA BUMIpPIOBAHHS BABIUi OLTbIIA Bij
camoi ¢izuuHoi BenmuuuHU. OTXe, MOKHA C(HOpPMYJITIOBATH 3arajibHe Ipa-
BHJIO JJI BUMIpIOBaHb Ha OaraTojiana3oHHMX NPWIANax: eumipiosamul
Qizuyny genuyuny ciio Ha MIHIMATLHO MONCIUBOMY OIANA3ZOHI.

OIIHIOIYH 6UnadKkogy noxXubKy npuiady, BpaxoBYIOTb, 10 BOHA BH-
MAJIKOBO PO3MOJiICHa Y MEXKax iHTepBally 3HAU€Hb, MEXIi SIKOTO BH3HAYAE
rpaHUYHa MOXUOKa mpwiany. ToMmy Ui 3aaaHoi HaaiHOT IMOBIpHOCTI P
MOXHOKY HPUIIaay OO0YHCITIOITh TaK:

1000

AR =10000m, SR"M="—""1100%=200%.
500

A xop M L, (3.27)
x= =——trkx._, .
w3 300 7
ne tp — KoedillieHT, KU BU3HAYAIOTH 3a HaAiHOIO HMOBipHicTIO P
(tabm. 3.3).

Tabauys 3.3.

Haniitna iMmoBipHicTh P 171 HAAIMHOTO 1HTEPBaly, BUPAKEHOTO
B YaCTKaxX CEPEJHbOI0 KBAJPATHYHOTO BiIXUIICHHS

tp P tp P tp P
0,1 0,07966 1,6 0,89040 2,8 0,99489
0,5 0,38292 2,0 0,95450 3,0 0,99730
0,7 0,51607 2,2 0,97219 3,5 0,99953
1,0 0,68269 2,4 0,98360 4,0 0,99994
1,3 0,80640 2,6 0,99068 4,5 0,99999

VY BuUmanKy, KOMU KJIAC TOYHOCTI NMPHIIAAY HEBiOMUH, MPHUMAIOTH,
[0 TPaHWYHA MOXMOKA JOPIBHIOE TOJOBHHI IIHHU TIOJIKH IIKATH TPH-
nany: Axy, = 0,5 HiHU DOJUIKN.
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3.5. [loxn0xa 3a0KpyrieHHs

[Tix gac omparroBaHHs pe3ybTaTiB CKCIIEPUMEHTY 4acTO JOBOIUTHCS 3a-
OKPYTIIIOBATH YUCJIOBI 3HAYECHHS OOYHCIICHb Ta BUMIipioBaHb. Omeparris 3a-
OKPYTJICHHS JIa€ CBiil BHECOK Y CyMapHy MOXHOKY 1 HOTO CITiJl BpaXOBYBATH.

Koiu Bijutiky oka3iB mpuiasy 3a0KpyTIIIOIOTH JI0 IUTHX 3HaYeHb abo
YacTOK MOJINOK (JiHIMKa, MIKPOMETp, €NEeKTPOBUMIPIOBAILHUNA TpUIIaa
TOIIO), & TAKOXX MMPU KOPUCTYBaHHI HOHIyCOM a00 IU(POBUMH MPHIIA A~
MU, BUHUKA€ BUIAJKOBA IMOXHOKA 3a0KPYTIICHHS, K4 Ma€ PiBHOMIipHUIMA
po3moia. 3a BiICYTHOCTI CUCTEMATUYHUX MOXMOOK MakCHUMalbHa TOXH-
Oka He mepeBHIIye /4/2, ne h — iHTepBaa 3a0KpyriieHHs. [HTEpBanm 3a0K-
PYTJIIeHHS /i MOYKe JAOPIBHIOBATH IiHI IMOJUIKK MpHIIaLy, sIKIIO BiLTIK Oe-
PYTh 3 TOYHICTIO JI0 IMX MOJIJIOK, a00 TOJOBUHI I[iHU TOJIJIKH, SKIIO
BiJUTIK 320KPYTIIIOIOTE J0 TIOJOBHUHY LiHU TOMITKH.

[ToxuOKor0 3a0KpyYTIIEHHSI HA3MBAIOTh BEJMUYHMHY, Ky O0UHCIIIOIOTH 3a
hopmynoro

Ax, = P2, (3.28)

ne P — 3ajaHa HajiiiHa HMOBIPHICTb.

Matoun Bci TPH CKJIIOBI OOYHCITIOIOTH 3arajbHy MOXHOKY AX BHMi-
proBanHs 3a (3.21). Ha ii ocrHoBi 3a (3.18) BH3HAYAIOTE BiHOCHY ITIOXHOKY,
TOOTO OLIHIOIOTH SKICTh MPOBEACHUX BUMIPIOBaHb (DI3NYHOI BETHUHHU X:

8X=%-100%. (3.29)

3ayBa)KMMO, IO BiIIOBIIHO J0 MPaBMIIa «TPHOX CUTMY i/l 4ac 004H-
CJICHHSI CYMapHOi TOXWOKH MOKHA HEXTYBaTH OyAb-SIKOIO 3 11 CKIaI0BUX,
SKIIO 11 3HAYEHHS yTpUYi MEHIIe 32 iHIIi.

Koy min yac BUMiprOBaHHS TPOBOJATH JIMIIE OJHE CIIOCTEPEKEHHS
(HampuKJIa, BUMIPIOBAHHS TEMIIEPaTypH, 3BaXKyBaHHS Ta 1H.), BUITaIKOBa
MoxuOKa BUMIipIOBaHHS HE BUHUKAE, i CYMapHy ITOXHOKY OI[IHIOIOTH JIMIIE
3a JOIIOMOT 00 MOXUOOK MpUiIary Ta 3a0KpYTJICHHS:

Ax= \/(A"px)z +(Ax) . (3.30)
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OmHOPA30BUM CIIOCTEPEIKEHHSIM OOMEXKYIOTBCS W TOHi, KOIU TPH-

YOTHPH TOTIEPEHI MOBTOPHI CIIOCTEPEKCHHS NAIOTh OIWH 1 TOH ke pe-

3ynbTar. lle MOXITMBO, KOJIHM BUNIAIKOBA MTOXHOKA € MEHIIIOK 3a TOPIr 9y-
TIWBOCTI MIPHUIIANY.

3.6. O0uucaeHHs a0COJIOTHUX I BIITHOCHHUX OXHOOK
NP HeMPSAMHUX BUMipIOBaHHAX

VY 06aratboX BHIIAJKaX 3HAYCHHS X (i3WIHOI BEeNWIMHU X 3HAXOAATH He-
MPSMUM BUMIPIOBaHHSM, TOOTO IUISIXOM PO3PaxyHKIB 3a pe3yjbTaTaMH

MPSAMUX BUMIPIOBaHb IHIIMX (DI3WYHMX BEIUYHH a, b, ¢, ... Lle o3Hayae,
110 HeMNpsiMe BUMIPIOBaHHS X € (PYHKII€I0 BETMYHH, BUMIPSIHUX TIPSIMO:
x=fla, b, c, ...). (3.31)

Hampuknan, moTyHICTh IOCTIHHOTO CTPYMY OOYHCITIOIOTH SIK T0OYTOK
P=1U, ne Benuuunau [ Ta U BUMIPIOIOTH aMIIEPMETPOM Ta BOJIBTMETPOM.
OIiHUTH TOYHICTH BENMYUH IS MPSAMHUX BUMIpIOBaHb MU BMieMo. Hexait
pe3yJbTaT BUMIPIOBAaHHS [IUX BEJIMYMH 3allUCAHO CTAaHAAPTHUM YHHOM:

a=a+Aa, b=b+Ab, c=c*Ac. (3.32)

HeBinomy BenuumHy x (pe3yibTaT HENPSMOTrO BHMIpPIOBAaHHS) IIyKa-
TUMEMO y CTaHAAPTHOMY BUTIIAI:

x=X*Ax, (3.33)

e X — CepemHE 3HAYCHHS X, SKE 3HAXOIATh K (PYHKIIIO BETUYMH d,
b, c,..:

x=f(abe..) , (3.34)

a Ax — abcoimoTHa MOXMOKa, SKY BHPKAIOTh Yepe3 BEIMIUHA @ , b, C , ...
Ta iX moxuoOku Aa, Ab, Ac, ... :

Ax=¢(a@,b,C,....Aa,Ab,Ac,...). (3.35)

Po3rissHeMO OCHOBHI MaTeMaTH4Hi omeparii, 0 MOXYTh 3ycTpida-
THCcA B pyHKIii 6aratbox 3mMiHHUX (3.31).

Hexaif mrykana BeqmdnHa TOPIBHIOE CyMi Ta PI3HMII TPHOX BEJINYNH,
1110 BU3HAYAIOTHCS MPSMHUM BHMIPIOBaHHSIM:

x=a+b-c. (3.36)
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Toni x=a+b—-c=a+b-c+(Aa+Ab+Ac). 3Hak «» nepen Ac
R\
X
Ax

3MIHEHO Ha «+», OCKIJIBKH HAC 3aBXKAM IIKaBUTh CyMapHa MaKCHUMalbHa
noxuoka. IToxubku 3a621cou 000aomsCsl.

Orxe, Ax =Aa+ Ab+ Ac. lle 3aranpbHe IPaBWIIO: HOXUOKA CYMU YU
PI3HUYL OOPIBHIOE CYyMI AOCOTIOMHUX NOXUDOK O0OAHKISE.

3HaiiieMo BiTHOCHY MOXUOKY cymu:
Sx =AY 100 0p = BAHADTAC 00, (3.37)
X a+b-c
Busenemo ¢popmyiy o0UnCIIeHHS TOXUOKH TO0YTKY:

x=ab=(a+Aa)(b+Ab)=ab+(@Ab+bAa)+AaAb. (3.38)

Ax

Tyt okpemo BuaineHo gogaHok AaAb. Ockinbkn Aa < a 1 Ab < b ,
TO BeMMuMHA Aa Ab sk MiHIMYM Ha MOpSIOK MeHma 3a aAb+Aab i Ha
JIBa TOPSIIKY 32 JiMCHE 3HAYCHHS ab . Tomy nomankom Aa Ab HEXTYIOTb 1
a0CoII0THA TIOXHOKA TOOYTKY JOPIBHIOE:

Ax=aAb+bAa. (3.39)
3HaiiiemMo BiTHOCHY MMOXHOKY JOOYTKY:
sxz"Ab_;_A“b-loO%=(A—_"+A7bj-100%=8a+6b (3.40)
a-b a b ) )

3 ocTaHHBLOI PIBHOCTI BUILUIMBAE MIPABUIIO: BIOHOCHA NOXUOKA 00OYMKY
00pIBHIOE CYMI BIOHOCHUX NOXUOOK MHOJICHUKIG. 11e IpaBUIIO CIpaBeIv-
BE 3a JOBLIBHOI KITBKOCTI MHOKHHUKIB.

[Tpu BUBenmeHHI (GOpMyT CIIiJl CIIOYATKY IIYKATH aOCOIIOTHY MOXHO-
Ky, SIKIIO OLUTBINE € orepamniii ToJaBaHHS UM BiTHIMAHHSA, i BITHOCHY, SK-
0 OLTBIIIE € OTIepalliii MHOYKCHHS UM JIUTCHHS.

Hexait Ham moTpiGHO 3HaiTH MOXUOKY It GYHKIIT X = @, 1e n Ha-
JISKUTh J0 MHOHHH HaTypajdbHuX ymcesl. Ockigpku a” =ga-a-...-a, TO

n

CIIOYATKY 3pYyYHillle ITyKaTH BIIHOCHY ITOXUOKY:

dx=08a"=06|a-a-...-a|=0a+da+...+da=nda. (3.41)
;ﬁf—/ %V—/
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3 BiJHOCHOI TOXMOKH 3Ha1eMO aOCOMIOTHY:

Sx = nda = 2X100% = n 2L = Ax=na"'Aa.  (342)
X a

3a 0MOMOTOI0 ONMKUCAHUX METOJIIB OTPUMYIOTh (OPMYJIH JIJIsi O0YHC-
JIEHHS IOXUOO0K (Tabd. 3.4).

Tabauys 3.4.
dopmyiu 1151 00UHCIIEHHS TOXHOOK
Ne | @yHKIiOHATHHA Hoxubxa
3.10. 3QJICKHICTh Cepenus abCoIIOTHA Cepenus BifHOCHA
1| x=a+b-c | *(Aa+Ab+Ac) Aa+AbtAc 660,
a+b-c
2 x=ab +(a Ab+b Aa) Sa+8b
a L[@Ab+bAa
3 X = b H 5 da+3db
4 X = an i(ncT"*lAa) n6a
| L _(1/m-1 1
5 X = 4/7 =a /n *| —a Aa —da
n n
6 x =sina tcosa Aa ctga Aa-100%
Aa 2Aq
7 =t * - -100%
T cos’ @ sin2ad ’
A 2A
8 x =ctga +— ?_ - a_-lOO%
sin” o sin2ad
9 X = cosa. tsina Aa tga Aa-100%

3a3HauuMo, IO IJIs BUBEICHHS (POpPMYI OOUNCICHHS TOXHOOK 32 Pi3-
HUX BUIB (QyHKITIOHAIBEHOT 3anexHOoCTi (3.31) 3pydHO BUKOPUCTOBYBATH
MeToa nudepeHIianbHOTo YrcieHHs. Haranaemo, mo nudepeHmian — 1e
0e3MexHO Mauid TpupicT (GyHKIIT y = f(x), THIAHAN MO0 MPHPOCTY il
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aprymenTa. Mloro o04HCcIIO0Th K T00YTOK MOXiAHOT (QyHKIIT Ha Oe3me-
JKHO Manuii mpupicT ii aprymenta: dy = y'-dx. JInd cKiHYEHHX, aje Ma-
JMX 3Ha4eHb Ax, npupict QyHKUii prOIN3HO TOPIBHIOE TOOYTKY IOXia-
HOi (yHKIII Ha mpHpicT 1 aprymeHTa:
d
Ay=ty -Ax=+Ax. (3.43)
dx

AHaNOTiYHy METOANKY BUKOPHCTOBYIOTh JUIS 3HAXOMKEHHS MTOXHOOK
¢yHK1i1 6araTboX 3MiHHHUX.

Hexaii Mm BH3HA4aeMO TOYHICTH HENPSAMOTO  BUMIPIOBaHHS
x=f(a1, az, ..., ay), Ie QPTYMEHTHU AKOTO d; ... Ay — BEIHYNHH, OTPUMaHI
3 TpsAMUX BuMiproBaHb. [loBHuI mudepenmian Bix QyHKIii OGaratbox
3MiHHUX X = f(ay, a2, ..., dy) BA3HAYAIOTH 3a CTAHJIAPTHOIO (DOPMYIIOH0:

Y, 0x
dx =df (a,,...ay) =) . ——da,.
in1 04
Tomi, mepexoas4n Bifl HECKIHUEHHUX MAJIUX MPHUPOCTIB 10 (dx —> Ax),
abCOIOTHY MOXHOKY Ax 00YHCITIOIOTH 33 (POPMYJIOIO:

N
Ax = iz
i=1

, (3.44)

a—an[
oa.

a CepeIHbOKBAAPATUUHY:

(3.45)

3a YMOBH, IO BCi Ag; Malli, MalOTh OJTHAKOBY HaJliiHy HMOBIipHICTB P 1 BCi
3HAYCHHS YaCTUHHUX MOXITHUX OOUHCITIOIOTHCS IPU CEPEIHIX 3HAUCHHSX
BIJIIOBIIHUX BEJIMYHH.

3HaliieMo BiTHOCHY TTOXUOKY Ox:

(3.46)
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OTxe, s 3HAXO/DKEHHS Ox MOTpiOHO (yHKI0O X = f(a;, az, ..., ay)
npoorapudMyBaTH, MiCIsI YOTO 3HAWTH YaCTHHHI TMOXiIHI KOXKHOTO 3 ap-
TYMEHTIB, po3paxyBaTy andepeHnian GyHKII 1 mepeiTn Bix HeCKiHYeHHO
MaJiX MpUPOCTIB (audepeHiianiB) 10 aOCOTOTHUX TOXUOOK.

Metox oO4HCICHHS 32 HECKIHYEHHO MAIMMHU TPUPOCTAMHU € OUTBII
YHiBEpCaIbHUM, HI)K 38 CKIHUEHHMH.

Hampuknam, My Bike po3risaaid QyHKI0 x=a". 3HaiIeM0 BHpa3Hu IS
noxuOoK 1 i€l GpyHKuii yepes mudepenmian. s BigHOCHOT TOXHOKH:

dx da Ax Aa

dinx=d(nlna) > —=n— = —=n— = d0x=nda. (3.47)
X a X a

AOCONIOTHY MTOXUOKY 3HAHIEMO 3 BiTHOCHOI:

S Aa

Ax = nxﬂ =n =na""'Aa. (3.48)

a a

Mu orpumanu popmyinu, imentuadi g0 (3.41) i (3.42). OmHax mix gac
iXHBOT'O BUBEACHHS MU HE HAKJIAaIH HITKHX OOMEKEHb Ha 77 — BOHO Te-
Tep HaJISKUTh HE MHOXKHHI HATYPaJIbHUX, a JIHCHUX YHUCEIL.

4. HpaBn.ﬂa 3a0KPYIJICHHSA B HA0JIMKEeHUX 00YHCJIEeHHAX

V pesynbTaTi BUMIpIOBaHb OTPUMYIOTh HAaOIMKEHI duCia.
Ipupoonor gopmoro 3amicy 4nciia HA3UBAIOTh 3arajbHOBXHBAaHHUN
3ammmc JiRCHUX Yucell — Hanpukian: 25; 25,003; 0,0025.
Hopmanizosanoro ¢opmoro 3amicy ducia Ha3UBAlOTh 3aIHC YUCIA Y
BUTJISIAI TOOYTKY MPaBUIBLHOTO JIECATKOBOTO ApoOy (3 BIAMIHHOIO Bij
HYJISI TIepIIoo udporo mepen KoMow) crerneHeBoi GpyHKIIil 3a 0CHOBOIO
necsaTb. JIpoOoBy "acTHHY HOpPMalli30BaHOTO YHCIA, B3ATY 3 BIAMOBiA-
HUM 3HAaKOM, Ha3MBalOTh MAHMUCOK, TTIOKa3HUK CTEICHS 31 3HAKOM «—»
=5
itz 25
nopsokom uucia. Hanpuxmam: 2,025 -10"°P"°% /-3 25.10°.
o
MaHTHCa
BBaxarotp, o i-Ta nudpa HAOIHKEHOTO YHCIIA NPAGUIbHA, SKIIO a0-
COJIFOTHA TOXUOKAa LBOTO YHCIIA HE MEPEBHUILYE MOJOBUHHU i-T0 PO3PSY.
Bcei nudpwu, 1o cToaTs miBimie i-Toi, TaKoX NpaBUiIbHI. Bcl mpaBuiibHI 14-
(bpu, MOYMHAOYH 3 TIEPIIO] JIIBOPYY, BIAMIHHOI BiJl HYJIS Ta HEPIILy CyMHi-
BHY UGy, HA3UBAKOTh 3Hauywumu yugpamu. Tooto 3Hauymi mudpu B
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HaOMM)KEHOMY YHCJII — IIe BCl MpaBWIbHI IIUQPU Ta Tepina CyMHiBHA
OKpiM HyJiB JiBopyd4. Pemry mmdp HabmmkeHOTro dmcia Ha3WBAaIOTh He-
snayywumu. Hanpuknan, y yuciax 250; 2,50; 0,0250 Tpu 3Hauymmi nudpw.
UYucna 2,5 ta 2,200 pi3Hi, y nepmoMy — JBi 3HaUyIII UPPH, ¥ IPyroMy
— yotupu. Jlpyre 3HaiifeHo 3 6inbuIow0 TounicTio. Y wmem 2,5-10° aBi
nudpu 3HauYyImi, TpU — He3Hauymni. HesHauymi mndpu y kiHIeBoMmy pe-
3yJbTaTi BIAKUAAIOTh.
B MaTeMaTHYHHX omepamisx 3 HaOIMKEHUMH YHCIAMM CIiJT JOTPH-
MYBATHCh TaKUX TPABHUIL:
1. [Tepen BUKOHAHHS MaTeMaTHUYHUX OIEPAIliii BCi HaOMMKEH1 Ynucia
OKPYTIIOIOTH IO PO3PSAYy HAWMEHII TOYHOTO YHCIA, 3aJUIIAI0TYH
OJTHY «3armacHy» (CyMHIBHY) ITU(PY.
Ilpuxnao. Hexait Mu MaeMo psii HaOMvbkeHUX ywmcen: 2,1; 2,52;
25,254. Haitmenm Toune uncio 2,1. Tomy Bei pemTa yucia okpy-
noeMo 10 cotux. Omke, dncio 2,52 He MOTPIOHO OKPYIIIIOBATH,
qucio 25,254 ~ 25,25.
2. Ilix yac momaBaHHsA a00 BigHIMAHHS KIiHIICBHH Pe3yJbTaT OKPYT-
JIIOIOTH JIO PO3PSAY HAWMEHTI TOYHOTO YHCIIA;
2,2+2,52+25,254~2,2+2,52+25,25=29,77~29,8.

3. [lixm yac MHOXEHHS Ta JIJICHHS Y KiHIIEBOMY pe3yJIbTaTi 3aJIHIIa-
IOTh CTUIBKH 3HAYyMIMX LUQP, CKIIBKH iX Ma€e MHOXXHHUK 3 Hai-
MEHILIOO KiTBbKICTIO:

2,387-2,5-3,58~2,39-2,5-3,58=21,3905~21.

4. Ilix yac migHECEHHS 0 CTeleHs, 100yBaHHS KOPEHs, 3HAXOKEeH-
Hi jorapudma HaOIMKEHOTO YUCIa y KIHIEBOMY pe3yibTaTi 3a-
JUIIAIOTh CTUTPKK 3HAYYIIMX OUQP, CKUIBKK IX Mae Ie HaOJmxKe-
HE YHUCIIO:

2,345°~12,895213~12,90; /6,53 ~2,5539~2,55;
In2,5~0,9163~0,92.
3a3Ha4MMO, 110 OOYMCITIOIOYHN CepeAHE 3HAYCHHS BHMIpPIOBAHOI Be-

JUYUHHA, CYMHIBHY IU(PY TaKoX BpaxoBYyIOTh. I1ix yac oOumcieHp mo-
XUOOK MPOMIKHI pe3yJIbTaTH 3aBXKJU 3a0KPYTIIIOIOTh y OiK 301JIbIICHHS.

Hanpuiran: (Ad)’ =(0,12)° =0,0144~0,015.
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OcraTo4HUil pe3ysbTaT 3alKUCYIOTh YUCIOM, K€ MICTUTD JIMIIIE TIpa-
BWIIBHI IQpH. 3a BUMOTaMH CTaHIAPTIB CyMapHy MOXHOKY 3alHCYyIOTh
YHCJIOM 3 KIJIBKICTIO 3HAYYIUX ITU(P HE OLIBIIE TBOX.

5. llpukJiagu po3paxyHKy HoXuOOK i yac
BHMIpPIOBaHb (Pi3MYHOI BEJINYUHHU

Mpuxkaan 1. O6uucnenHs noxubox NPAMUX UMIPIOBAHD.

Hexaii mpoBeneHO aecsATh MOBTOPHUX BUMIPIOBAHb OTIOPY PE3UCTOPa
R ={820,25; 820,35; 820,20; 820,23; 830,25; 820,30; 820,28; 820,22;
820,30; 816,50} Om Ha nnppoBOMYy yHIBEPCATHLHOMY BOJIBTMETPI 3 Kia-
com touHocTi 0,01 y mianmazoni 0 + 2000 Om.

3a BigoMUMH (HOPMYJIaMU ITYKAEMO:

8
1) cepemue apudmeriane R 3a (3.13): Ez%ZRi =~820,89;
i=1

2) moxuOK¥ MOBTOPHUX BUMIpIOBaHb AR; 3a (3.14) Ta ARI_2 :
AR =|R-R|1a AR?=(R-R)’, nei=1,2, ..., 10;
PesynbpraTi BUMipioBaHb Ta 004YHCIIEHb 3aHOCUMO Y Tabm. 5.1.

Tabnuys 5.1.

R,OM | AR,Om | AR* OM?

s
1 820,25 0,608 0,370
2 820,35 0,508 0,258
3 820,20 0,658 0,433
4 820,23 0,628 0,394
5 830,25 9,392 88,21
6
7
8
9

820,3 0,558 0,311
820,28 0,578 0,334
820,22 0,638 0,407
820,30 0,558 0,311

10 816,50 4,358 18,99
cep. 820,89 1,848 1,222
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Bumno, mo abcomoTHI MOXUOKHM Ta iXHI KBagpatu 1t 5-ro Ta 10-ro
MOBTOPHUX BUMIPIOBaHb BiPI3HAIOTHCA Ha MOpAIOK. Lle mpomaxu, siki Mu
BiIKHAa€MO. 3a3HAUMMO, 110 y OUTBIIOCTI BUMIAKIB TaKUil aHAII3 MOXHA
pPOOHTH Ha MiICTaBi IIOBTOPHUX BUMIpIOBaHb 0€3 TUIBKH IO MPOBEACHUX
po3paxyHKiB TOXUOOK. TiIbKKM KONH € CyMHIBH I[0JI0 TOTO, UM € KOHKpE-
THE TIOBTOPHE BHMIiPIOBAHHS IPOMaxoM, 9H Hi, CIIiJ TPOBOJUTH 3pOOJIeHI
BUIIIE PO3pPaxXyHKH.

OTxe, I TOAAJNBIIOTO OMPAIIOBAHHS 3AJUIIMIOCE 8 MOBTOPHUX
BHMIHIOBaHb.

Po3zpaxoByemo:

8
1) cepenne apupmernune R 3a (3.13): R = %ZRZ. =820,37 Owm;
i=1

2) moxuOK¥ MOBTOPHUX BUMIpIOBaHb AR; 3a (3.14) Ta AR? :
AR =|R-R|,1a AR?=(R-R) . nei=1,2,....8;

3) BUNanKoOBY MMOXUOKY BuMiproBaHHs 3a (3.23): 3 taba. 3.2 3HaiimemMo
koe(imienT CThIOICHTa U 8 BUMIPIOBAHb 1 IOBIpUO1 HMOBIPHOCTI
0,95 ty9s5:7=2,45; po3paxyemo 3a (3.17) BumparieHe BHOIpKOBE
cepellHE KBaJApaTUIHE BiIXUICHHS:

L $m
o, = /ﬁ;(R—Ri)zzo,ls On;

Ta 3HAWIEMO BUTIAIKOBY MTOXUOKY:
A,R=2,45-0,18=0,441~0,42 Om.

(Pe3ynpTaTy BUMIpIOBaHb Ta 00YHCIIEHb 3aHOCUMO y Tab. 5.2.)
1 AV
4) noxubky mpunany 3a (3.27): A, R= %thRrp. Jns HanpiiiHOl

“mMoBipHOCTI P = 0,95 3 Tabn. 3.3 3HalmeMo £ 95 =2,0. BpaxoByro-
9M, IO 3a YMOBOW0O Ry, =2000Owm, a kmac tounHocti k=0,01,
OTPHUMAEMO:

1

A R=—-2,0-2000.0,01~0,14 Om;
P 300
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h .
5) moxuOKy 3aokpyrieHHs 3a (3.28): AR, = PE. Hnst uporo 3Haiine-

MO iHTEpBal 3a0KPYTJICHHS /1 SK MOJOBHHY OCTaHHBOTO PO3PSIy
BuMipsiHOT Benmmauan — 0,005. Orxe:

0,005

AR, =0,95- ~ 0,002 Owm;

6) 3arampHy abcomoTHy moxuoKy (3.21):

AR = \J(ARY +(8,R) +(A,R)" =+/0,427 0,147 0,002 ~0,440m.
(3a mpaBUIIOM «TPHLOX CUTM» MOXUOKaMU TpUTIAAy Ta 3a0KPYT-
JICHHSI HEXTY€EMO. )

7) BigHOCHY IOXHOKY 3a (3.29):

OR :AITR-IOO% __0.44

1-100%:0,06%.

)

3anucyeMo KiHIIEBUH pe3ynbTaT:

R=(820,31£0,44)Om mpu OR=0,06 %.

Tabauys 5.2.

Ne

; R,OM | AR,Om | AR?, OM

I
1 820,25 0,017 0,00027
2 820,35 0,084 0,0071

3 820,2 0,067 0,0044

4 820,23 0,037 0,0014
5

6

7

8

820,3 0,034 | 0,0012
820,28 | 0,014 | 0,00019
820,22 | 0,047 | 0,0022
820,3 0,034 | 0,0012
cep. | 820,31 | 0,042

3aysasicennsn. 3HalimeMO aOCONMIOTHY Ta BiIHOCHY MOXWUOKH, BUXO-
IST9H 3 TOHATTS CEPEIHBOTO apuPMETHYHOro 0e3 BUKOPUCTAHHS Teopil
moxnOok. CepenHe 3HAYCHHS HAM BigoMe: R ~820,370mM. 3Haiizemo
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8
cepe/lHIO apu(METHUHY MOXHOKY: AR = %ZARI. =0,042~0,050mMm; Ta
i=1
. AR . .
BiIHOCHY: OR = 7 100% = 0,006~ 0,01%. 3anumemo KiHIIEBUI pe-
3ynbTar: R =R+ AR =820,31£0,050M npu SR = 0,006 %.

OTxe, po3paxoBaHa OYCBHIHHM, Ha MEPIIUH OIS, METOJIOM abco-
JIIOTHA MTOXKUOKa 32 HEBEIMKOI KIJIBKOCTI BUMiptoBaHb (7 < 30) € MEHIIo¥o,
HIXK BIJIITOBIHA a0COJIIOTHA MMOXHOKA, po3paxoBaHa 3 BUKOPHCTAHHSAM Te-
opii iMoBipHOCTEH. TOMy BUKOPHCTOBYBATH LIl METOJ LI PO3PaxyHKY
MOXHUOOK € HEAOIIIbHO, OCKUIBKY 3HANJACHHWNA JOBIpYHI 1HTEpBal 3ama-
muii. JlocimHuKa 3aBKAM MIKAaBUTh MAaKCHUMAIBHUHN JOBIpUMi IHTEpBaN, ¥
SIKMH 3 33JTAHOI0 HTMOBIPHICTIO TOTIAa€ ICTUHHE 3HAYCHHS.

Mpuxaan 2. Po3paxyHok MOXHOOK (Di3UYHOT BEJIMYWHU TPU HETIPS-
MUX BUMIipIOBaHHSX.

Hexait noTpibHO 3HalTH BUpa3 A aOCOIIOTHOI Ta BiIHOCHOI MOXHU-
OOK CHITH TPaBITALlIfHOTO MPUTATAHHS MIX TilaMH 3 MacaMu /m; 1 my:

_ o
F_G(R+h)2' (5.1
Cnoci6 1. Po3paxyHOK 3 BUKOPUCTaHHAM HECKIHYEHHO MaJIUX HPUPO-
cTiB (audepeHItiaiin).
[pomorapudmyemo Bupas:
InF =InG+1nm, +1nm, —2In(R+ h),
TicIIst 4oro NMpoaudepeHIiFoeMO:

dF:dFGerml L dmy _dR+dh

m, m, R+h
[TepeiimoBimy BiJi HECKIHYCHHHX MPHUPOCTIB J0 CKiHYeHHUX 3a (3.45)
3HAHJEMO BiTHOCHY ITOXUOKY OF:

2 2 2 2
SF = (ﬁj LN e +[2A§+éh) . (2
G i, m, R+h

[Tin yac BuBeCHHS (POPMYIIH BPaXOBAaHO MPABIIIO, 32 SIKAUM MOXUOKH
3aBXKIU CJIII TOJaBaTH.
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. AF . . .
OCKIJIBKHY 33 0O3HAYEHHAM OF = ?, 3HANIEMO 3 BIAHOCHOI IOXHOKHU

a0COIIOTHY:

2 2 2 2
AF=F (ﬁj o Am ) [ Amy +(2A1_”§hj -
G m, m, R+h

SN R AR AR )
(R+h)*\\ G i, i, R+h

Cnoci6 2. Po3paxyHOK 3 BUKOPHUCTaHHSIM CKIHYCHHUX MAaJIUX TPH-
POCTIB.

Ockinbku y dopmyi (5.1) Gunblne onepariiii MHOKEHHS Ta JUTCHHS,
ITyKaTHMEMO CIIOYaTKy BiIHOCHY MOXHOKY (hi3MYHOT BEIMYMHM 3a Tpa-
BIJIOM, IO BiJTHOCHA MOXHOKa JOOYTKY UM YaCTKH JOPIBHIOE CyMi BiTHO-
CHHUX MOXHOOK MHOKHHUKIB:

OF =8G+06m, +0m, +28(R+h).

. (53)

BpaxyBaBmm Te, 1o 1ojgaBaTH MOTPiIOHO He cami MOXHUOKH, a ixHi
KBaj[paTH, OTPIMAEMO BHPA3 JUIS BiTHOCHOT IIOXHOKH:

OF =J(8G)2 +(8my) +(8my) +(28(R+ M) . (5.4)

3 BiIHOCHOT MOXWOKM 3Hai1eMo abCOIIOTHY:

2 2 2 2
AF=F (gj + Ainl + A_m2 +(2A1_2+éhj =
G i, i, R+h
_ _ 2 2 2 2
=(_;—f11m_22 (ﬁj + Ai%‘ + Ainz +(2Alj+éh)
(R+h) G m, i, R+h

Sk i cmixg Oyno odikyBaTH, 3HailleHI Pi3HUMH CIIOCOOaMH BUpa3d
(5.2)1(5.4),(5.3)1(5.5) ineHTHYHI.

(5.5)

Mpuxkaan 3. Hexali ekcriepuMEHTAIBLHO JOCHTIIAIN 3aI€KHICTh OTO-
py MeTanmy Bim Temmeparypu. TeMrepaTypy BHMIPSUTA 3a JOIOMOTOIO
TepMOMETpa, KJIaC TOYHOCTI SIKOTO HEBiIOMMM, a IMiHa mofinku — 1°C;
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omip — 3a JOMOMOTrOK YHIBEPCAILHOTO BOJBTMETPA 3 KJIACOM TOYHOCTI
0,01 y niammazoni 02000 Om.

PesynbraTi BUMipIOBaHb 3BEJCHI B Ta0I. 5.3, B Ky MOMICTHIIN dac-
THUHY PO3PaxXyHKOBUX JTaHHX.

Tabnuys 5.3.
No . ~ Aa)’,
an | 5°C T,K | R,Om a, K lé,”.)K,z
1 20 293 417,0
2 25 298 421,8 | 0,002302 4,179
3 35 308 430,6 | 0,002174 0,2765
4 45 318 440,8 | 0,002283 0,2765
5 55 328 450,3 | 0,002282 | 0,09539
6 65 338 460,0 | 0,002292 0,1275
7 75 348 470,0 | 0,002311 | 0,06235
8 85 358 480,2 | 0,002332 5,377
9 95 368 490,2 | 0,002341 | 0,01046

3aIeXKHICTh OIOPY MPOBITHUKA BiJ TEMIIEpaTypH Ma€ TaKHi BUTIIA;
R=R (1+a(T-T,)). (5.6)

e R — omip mpoBigHKKA npu Temnepatypi 7; R, — npu Temneparypi Ty;
0. — TeMIepaTypHuil KoeQillieHT onopy, sSKHi MOTpiOHO 3HaWTH. s
IOTO BU3HAYMMO HOTO 3 (5.6):
R-R
o=—-"-—. (5.7
R.(T-T,)
OTxe, 0. BU3HAYAIOTh OTIOCEPENKOBaHO K QyHKIIO R, Ry, T, Ty
PosrisiHemMo fiBa ciocobu po3paxyHKy MOXHUOOK JIJIsl TAKOTO BUMAJIKY.

Cnocib 1.
3HaiiieMo KiHIIEBUN pe3ybTaT AJIs 0L aHAJIOTIYHO JI0 MPHUKIaLy 2.
[ponorapudmyemo Bupas (5.7):

Ino=In(R-R,)-InR, —In(T -T,),
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MICJIS YOT0 HOTO MPOoauQepeHITIFOEMO:
da _d(R-R,) dR, d(T-T,)
o R-R, R T-T,

88

[lepeiimoBimy Bij HECKIHYEHHUX MPUPOCTIB JI0 CKiHYEHHHX 3a (3.45)
3HAMIEMO BUPa3 JUISA BiJHOCHOT MOXUOKH O0L:

AR+AR. Y (AR (AT+AT,Y
oo = — +| —= +| —— .
R-R, R T-T,
3 BiTHOCHOT MOXUOKH O0L 3HAWIEMO aOCOIOTHY:

2 2 2
ra=g || AR+ AR | [AR ) ATHAL ) (s
R-R R T-T,

1 I

[IpoBenemo pospaxyHku. OCKiTbKH TOBTOPHUX BHMipIOBaHb HEMae,
TO BHUMNAJAKOBI MOXMOKM BUMIPIOBAaHb TEPMOMETPOM Ta YHiBEpCAIbHUM
BOJIBTMETPOM JIOPiBHIOIOTH HyJseBi. Uepes Te, 10 BUMIPIOBaHHS MPOBO-
JIWINCh Y OJHOMY Aiamna3oHi, To AR = AR, 1 AT = AT,.
3anaemo HafiiiHy HMoBipHicT P = 0,95.
st po3paxyuky 3a2anbHoi NOXUOKU SUMIDIOGAHHS ONOPY B0AbMMEN-
POM 3HAXOOUMO:
1) moxubKy nudpoBoro BoapT™METpa 32 (3.27):
1

A, R=——1,kR, =L2,0-0,01-2000z0,14 Owm;
P 300 P 300

2) noxubKy 3aokpyrineHss 3a (3.4.8): AR, = P%. Bcranosumo inTep-

BaJ 3a0KPYIIICHHS /i SIK TIOJIOBUHY OCTaHHBOTO PO3PSAY BUMIPSHOL
ey — 0,05 Om. OTxe:

0,05

AR, =0,95-—=~0,030M.

Toni 3aranpHa MoxXuoKa:

AR :\/(AHR)Z +(AR) =0,147 +0,03 ~/0,13% ~0,140m.
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s pospaxyuky 3aeanbHOi NOXUOKU GUMIDIOBAHHS THEeMNEPAmypu
MepMOMEMPOM 3HAXOOUMO:
1) moxubky Tepmometpa 3a (3.27). BpaxoByrouwu, 1o fes = 2,0, a kiiac
TOYHOCTI IIpUJIaay HEBIAOMHUH, TO:

AT LAt =L20.050=034K;
3 P 3

2) noxuOky 3aokpyriaeHss 3a (3.28): AT, = P%. BcranoBumo iHTEp-

BaJI 3a0KPYIJICHHS /i SIK TIOJOBHHY OCTaHHBOTO PO3PSAY BHMIpPSHOL
Beanunan — 0,5. OTxe:

0,50

AT, =0,95-—>=~0,24K.

Toni 3aranpHa NOXUOKa:

AT = \/(AHT)Z +(A,T) =4/0,34> +0,24> ~0,42K .

3a ¢popmynoro (5.8) 3natioemo abcoaromui nNOXUOKU HENPAMUX GUMI-
prosans. IS TBOTO PO3PaxXyeEMO:

1) niiicae (cepenne apudmernyHe) 3HaueHHs o 3a (3.13):

8
a :éZai =0,002335~0,00234K"";

i=1

2) cepenHIo a0COIOTHY MTOXUOKY:

8
A&:lZAai ~0,0109-10* ~0,1-10°K™";

i=1

3) cepenHto BiIHOCHY TTOXUOKY:

_ 13
Sa=8a=<) 8a;~0,46%.
8%
Pesynbrati o0uncieHs moMicTuMo y Tabu. 5.4.
OTtxe, KIiHIIEBHH pe3yibTaT OOYMCIEHh Ta OOpaxyHKiB Mae TaKW{
BUTJISIA:

a=0tAa=(23,4£0,01)-10* K" npu 0.=0,46%. (5.9)
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Tabauys 5.4.
—4 2 -9

3]1 t,°C |T,K| R,OM | oK' AO‘I’(I,? . (A“%{LZIO | 8o, %
1 | 20 |293| 416,50

2 | 25 |298| 421,37 | 0,002339 0,065 0,042 17,76
3 | 35 |308] 431,14 | 0,002344 0,017 0,0028 5,940
4 45 318 | 4409 | 0,002344 0,017 0,0028 3,559
5| 55 |328] 450,67 | 0,0023442 | 0,010 0,0096 2,541
6 65 | 338 460,43 | 0,002344 0,012 0,00013 1,976
7 | 75 |348 | 470,20 | 0,002344 0,008 0,00063 1,616
8 85 | 358 | 478,00 | 0,002272 0,074 5,4 1,372
9 | 95 |368]| 489,72 | 0,002344 0,011 0,0011 1,185
cep. 0,002335 0,011 4,49

Cnoci6 2.

[IpoBomumo po3paxyHkH o 3a popmyioro (5.7) i po3mIsgaEMo iX sK
MOBTOPHI BUMIPIOBAHHS, PO3KWJ SKHX BHUITAJKOBHHA i OMOCEPEIKOBAHO
3YMOBJICHHI BCiMa BUJaMH TTOXUOOK Beu4uH R, Ry, T, T, OTpuMaHuX 3a
JIOTIOMOTOI0 TIPSIMUX BUMIipIOBaHb. J{JIs1 3HAXOMKEHHS IMOXHOOK 3aCTOCO-
BYEMO METOJIUKY JUIS PO3PaXyHKY BUIAIKOBUX MOXHUOOK.

3amaeMo HanilHy WMoBipHicTh P = 0,95.
3HAX0UMO:
1) cepenne apudmernyne o 3a (3.13):

8
a==Yo,= 0,003341=335-10"K;
i=1

0| —

2) moxuOKM OBTOPHUX BUMiproBaHb Aq; 3a (3.14) Ta Ao

Ao, =|(_x—0L,.

3) BumagkoBy NMOXHOKy BuMiproBaHHs 3a (3.23): A x=t¢,

2.
i.

,Ta Ao =(c_x—al.)2,z[ei= 1,2,...,8;

HIGB °
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3 1ab:. 3.2 3Hakaemo koedimieHT CThIOCHTA I 8 BUMIpIOBaHb
Ta noBipuoi iMoBipHOCTI 0,95 #9957 = 2,45, po3paxyemo 3a (3.17)
BUIIPABJICHE BUOIPKOBE CepPellHE KBAIPATUIHE BiXUICHHS:

8
LS (@0, 0009107 K.
87 i=1

Toxi BUnagKoBa MOXMOKa, sika OJJHOYACHO € 3arajbHOIo:

Aa=A,0=2,45-0,009-107 ~0,022-10° K.

Pesynbraty 3anecemo B Tab. 5.5.

Tabnuysa 5.5.

Ne | -3 1l
.- t,°C T,K R,Om | o107, K" | Aa-107, K

1 20 293 417

2 25 298 421,8 2,333 0,002

3 35 308 430,6 2,343 0,008

4 45 318 440,8 2,343 0,008

5 55 328 450,3 2,344 0,009

6 65 338 460 2,343 0,008

7 75 348 470 2,344 0,009

8 85 358 480,2 2,271 0,064

9 95 368 490,2 2,343 0,008
cep. 2,335

3anuireMo KiHIIEBUHA Pe3yJIbTaT:

o =(2,34+0,02)-10° K, mpu 60=0,92 %. (5.10)

3aysaocenna. Haniftauii iHTEpBas, po3paxoBaHHi 3a crmocoOom 2

(Bupaz (5.10)), OuIBpIIUE BiA IHTEPBAILY, PO3PaXOBAHOTO 3a CIIOCOOOM 1
(Bupas (5.9)). Tomy, 3 METOIO CHIPOIICHHS PO3pPaxyHKiB, HOTO peKOMEH-
IYIOTh JJISl MaJIoi KiTBKOCTI BUMipIOBaHb.
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